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Studies on the Neurotropic Virus of Horse- 
sickness. VI.—Propagation in the Developing 
Chick Embryo. 

By B. A. ALEX AN DEB, Section of Virus Diseases, Onderstepoort. 


The introduction into general practice of the neiirotropic virus 
method of immuuization of horses and mules againsi horsesickness 
has necessitated the annual production of sufficient virus for the 
treatment of aj)proximately 40,000 animals. The entire supply of 
virus lias been olitained by ])ropagating it in the brains of mice by 
the methods detailed in a previous publication (Alexander, Neitz 
and du Toit 1937). The jiresent vaccine contains 5 antigenically 
dilferent strains of virus, each of which is propagated separately 
and two of which are present only in low litre in the brains of 
moribund mice. Bearing this in mind, together with the fact that 
large numbers of mice are required for research into many essential 
problems connected with immunity and vaccine production, it is 
ap|)arent that any interference with the regular siqiply of mice is a 
most serious matter, (kuisequently, apart from the scientific value 
attached to the discovery of a number of other methods for the 
production of large supplies of virus, a substitute for mice has be(*ome 
of extreme ])ra(‘tical importance. 

Initially, it was believed that the susceptible guinea pig with 
its larger central nervous system would be the animal of (dioice, but 
when it was found that an emulsion jirepared from a single guinea 
pig brain invarialily contained no more virus than an equal volume 
of emulsion prepared from one mouse brain, the use of guinea-pigs 
was abandoned. Similar observations were made in rats; rabbits, 
]>eing insusce])tihle to the virus, were of no value whatever. 

A cursory investigation of the possibility of using the recognized 
tissue culture metliod of virus cultivation namely, cultivation in an 
a|)propriate modification of the Maitland medium was carried out. 
It was ap])arent at an early stage that, in spite of definite though 
somewhat irregular multiplication, tlie method was of no value for 
the production of a high titre virus emulsion. 

Finally, the work of Woodruff and Goodpasture (1931) and 
Goodpasture and his collaborators (1932) with vaccinia prompted the 
use of the developing chick embryo or its meml)ranes as a suitable 
culture medium, more particularly because a number of investigators 
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STUDIES ON NEUKOTKOPIC VIRUS OF HORSESICKNESS. 


lias used this technique not only for the propagation of many ditterent 
viruses, but also have adapted modifications to the study of problems 
such as immunity production and virus identifi(;ation. The results 
of the cultivation of neurotropic horsesickness virus in the developing* 
chirk embryo form the basis of this communication. 

No attempt is made to review the relevant literature on this 
subject since this has been dealt with adequately in recent publica¬ 
tions by Burnet (1936). 

—A slight modification of Burnet's (1936) technique 
is employed wdth the object of simplifying* the procedure as far as 
possible with an eye to mass production of virus. 

Eggs are obtained from mated pens of young hens maintained at 
the Institute. An ordinary elerdrically controlled chicken inculiator 
running at 103^ E. (39-4° C.) is used for incubation, and before the 
fresh eggs are added every day no precautions were taken other than 
to wash them carefully but thoroughly in clean water. On the 
third or fourth day of incubation the eggs are candled in the usual 
way and all “ infeitiles ” and ‘‘ dead-in-shells ” discarded. For 
seeding purposes eggs containing 8-9 day old embryos are used, if 
vounger embryos are used there is a danger of damaging the poorly 
developed vascular membranes during the manipulations, resulting 
in a high percentage of early deaths of the embryos; alternately, 
if older embryos are used the flufi and feathers become a source of 
great inconvenience when harvesting the virus. 

The selected egg is washed with 96 per cent, alcohol and the 
position of the air space, the embryo and the membranes noted by 
transillumination. A 250 candle power Bointolite " lamp in a 
dark room is well suited to this purpose, and it was soon 
apparent that the entire operation of seeding may be carried out most 
conveniently in the beam from this lamp. By means of a dental 
drill* fitted with a No. 2 Solila burr a hole ±()-5 mm. in diameter) 
is bored through the shell and outer shell membrane into the air 
sjjace. It is advisable to drill this hole first as it gives the operator 
a good idea of the density and thickness of the egg shell, properties 
which were found to vary within very wide limits. A second hole 
of the same size is then drilled at a point about the centre of the 
long axis of the egg, over the position of maximum development of 
the chorio-allantoic membrane. This hole must jienetrate the shell 
only and should leave the shell membrane intact. With the point 
of a fine sterile needle the expovsed shell membrane is pricked and a 
minute triangular flap detached from the underlying vascular mem¬ 
brane using a picking rather than a piercing movement. The air 
is evacuated from -the air space by means of a rubber teat. This 
results in the formation of an artificial air sx)ace usually about 2-2 5 
cm. in diameter by 3 inm. in greatest depth bounded below by the 
chorio-allantoic membrane and above by the shell membrane which 


* A dental drill was constructed loc^ally from an ordinary Singer sewing 
machine motor with variable speed foot control, the dental handpiece being 
attached to a 3-ft. length of motor-car speedometer flexible drive which in 
turn was welded on to the motor spindle. 
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leinains in apposition to the pierced shell. The point of a fine needle 
fitted to a syringe is inserted into the artificial air space and the 
inoculum ejected on to the membrane. Both holes are sealed with 
melted paraffin wax, and the egg is placed in an incubator at the 
required tern perature. 

For optimum results certain precautions are necessary. Care 
should be taken to drill the hole, through which the inoculation is 
to be carried out, nt a point between the anastomotic branches of the 
bloodvessels and not directly oA^er a large vessel which might be 
punctured and cause considerable haemorrhage. Should the chorio¬ 
allantoic* membrane be pierced, an artificial air spa(*e will not result 
from evacuation ot the true air space, but a bubble will be formed 
within the albumen and naturally the inoculum will not be deposited 
upon the membrane. This may be controlled by observing by trans¬ 
illumination that during evacuation a Avidening shadow is formed 
starting from the point of entry of air and that simultaneously the 
clearly visible blood A^essels disappear o\^er this area from their 
position beneath the shell. An air bubble within the albumen is 
recognized by being easily movable and by retaining its dorsal posi¬ 
tion on rotating the egg. All the air must be sucked out of the air 
space so as to l)ring the oilier and inner shell membrane together 
or else it will be found that, after a feAv days incubation, there is a 
tendency for the artificial air sjiace to disappear wholly or partially, 
and for the true air space to reform; such an occurrence greatly 
hampers the subsectuent remoA^al of the memluane in a sterile manner. 
During incubation the eggs should be immobilized by placing them 
upon a wire screen of suiiable mesh or uyjon cotton wool so as to 
prevent rolling and the detachment of too large a portion of foetal 
membrane from the egg shell. Throughout the operation reasonable 
aseptic pre<*autions only are necessary. For instance it has been 
found adequate to clean and disinfe(‘t the dental burr each time 
merely l)y dipping it into alcohol, and no adAantage was gained 
from flaming the eggs or washing them in strong disinfectant. 

The aboAe described ojieration may sound someAvhat tedious, but 
actually this is not the case. In actual practice a technician Avith 
average “ hands ” will be able to drill down to the shell membrane 
by sense of feel alone with great rapidity and, after a little experience 
will be able to seed and seal oft* eggs at the rate of approximaiely one 
per minute with an embryo mortality rate of not more than 5 per cent. 

When it is desired to harvest <he iiieiiibrane or einbrvo tlie 
shell in the neif-hhourhood of the point of inoculation is cracked 
by tapping with a blunt instrument. The shell is detached carefully 
with foi'ceps leaving the shell ineinbrane exposed and practically 
intact over an area which will depend in size upon the age and 
development of the embryo. The shell membrane is torn off, the 
chorio-allantoic memhrane grasped with forceps and the reipiisite 
portion snipped off with the scissors. The embiyo is grasped by the 
neck with forceps taking care not to rupture the yolk sac, lifted out 
and the umbilical vessels severed. Aseptic precautions are used 
throughout. 
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STUDIES ON NEUROTROPIC VIRUS OF HORSESICKNESS. 

In the present study the volume of inoculum was 0*15 c.c of a 
5 per cent, emulsion of the infective material in 10 per cent, normal 
horse serum-saline. Incubation was carried out at 37 5^ C. In a 
few experiments an incubation temperature of 32^ C. was tried with¬ 
out any apparent advantage; no work was done at temperatures 
higher than 37*5° C. In the great majority of cases sub-inoculation 
was carried out on the fourth day after seeding. 

As embryo brain, is considered that portion of the head 
which remains after snipping off the beak, and enucleating the eyes; 
the term brain therefore is not strictly accurate but the arbitrary 
procedure obviated the necessity of removing the soft, pulpy brain 
from the relatively small amount of cartilaginous skull. Emulsions 
are made by mincing the material as finely as j)ossible with scissors 
and grinding it up with a roughened glass rod without sand before 
adding the diluent. Then the emulsion is forcibly sucked into and 
ejected from a syringe until the solid particles are finely disinte¬ 
grated. In the later experiments emulsions were frozen and thawed 
rapidly to facilitate disintegration, a procedure which appeared to 
increase the titre sliglitly. The supernatant fluid obtained after 
centrifugation at 3,00() revs, per min. for 15 minutes is titrated by 
the injection of decimal dilutions in 0 05 c.c. amounts intracerebrally 
into mice and the figures given reyiresent dilutions of the original 
infective material. 

The strain of virus used was that known as 20449 which was in 
its 18lst intracerebral passage in mice. No work has been carried 
out with other virus strains. 

After a few preliminary trials it was apparent that the greatest 
multiplication of virus took place in the brain of the embryo. It 
was decided to passage the virus in series through eggs for several 
generations and then to determine the site and rate of multiplication. 
The results obtained through 17 passages are shown in tabular form 
in Table 1. 

A consideration of the results brings out the following points : — 

1. The virus was maintained by serial passage through the 
brains of. chick embryos for 17 generations when the experiment was 
discontinued voluntarily. 

2. Undoubted multiplication of virus occurred. Had no multi¬ 
plication taken place the titre in successive generations would have 
decreased progressively so that the inf activity for mice would 
certainly have been lost by the fifth generation. 

3. The virus titre attained on the fourth day was fairly constant 
at a level only slightly below that of the original mouse brain 
emulsion. 

4. In one instance only (egg 1, generation 8) was no virus 
detectable in the embryo on the fourth day. The reason is quite 
obscure but it probably represents a single instance of faulty tech¬ 
nique of inoculation. 
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STUDIES ON NEUROTKOPIC VIRUS OF HORSESICKNESS, 


Concurrently with this experiment an attempt was made to 
determine the site of greatest multiplication of virus, and the 
optimum time of incubation for maximum yield. Embryos were 
divided into three portions: — 

(a) Membrane—a portion of the chorio-allantoic membrane 
usually about 2 cm. square selected from the site of 
inoculation. 

(h) Head—as before. 

(c) Body—the entire embryo minus the head. 

Details of the experiments together with the results are given 
in Table II. In each case a 5 per cent, emulsion was made as before 
and dilutions are in terms of the material harvested. 

Results. 

A consideration of the results brings out the following points : — 

1. Membrane .—It is not possible to determine whether multi¬ 
plication of the virus took place on the chorio-allantoic membrane 
since the virus demonstrated may represent simply survival of the 
inoculum; if multiplication did take jilace it was slight. From the 
twenty-fourth hour there was a steady decrease in the titre of the 
membrane so that from the third to the eighth day of incubation no 
more than a trace could be demonstrated. 

2. Body.—In the body, twenty-four hours after seeding, no virus 
was detectable. Virus had made its appearance by the forty-eighth 
hour, and persisted, if only in traces, up to the seventh day. It is 
worthy of note that as the virus content of the membrane decreased 
so did that of the body rise, but the titre was always low. This 
suggests that the virus demonstrated at the forty-eighth hour repre¬ 
sented that which had been absorbed from the membrane, that little 
or no multiplication took place in the body outside the spinal cord 
and nerves which were not separated from the parenchymatous 
organs or the skin. 

3. Head .—The site of the greatest multiplication was in the 
brain of the embryo. Virus had made its app^rance by the forty- 
eighth hour in greater concentration than in either the membrane 
or body. The titre increased rapidly to reach a maximum on the 
fourth to fifth day after which there was a gradual but steady 
decline until only traces were demonstrable on the eighth day of 
incubation. 


The Effect of the Virus on the Embryo. 

At no time was any gross pathological lesion* on the membrane 
observed; usually there was noticed slight oedema and opacity 
particularly at the twenty-fourth hour but these changes were never 
more marked than in control eggs which had been seeded with 
normal saline. The formation of discrete pocks or opaque areas was 
never observed. The parenchymatous organs appeared normal. In 
the brain, particularly on the fourth and fifth day, slight 
haemorrhagic infiltration in the form of minute red dots was noted. 
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STUDIES ON NEUROTROPIC VIRUS OF HORSESICKNESS. 


Up to the fifth day of incubation the mortality rate of the 
embryos did not exceed 4 per cent. This may be considered normal 
when it is remembered that the temperature of incubation was 37-5°, 
that the eggs were never cooled off or aired, and that owing to the 
presence of the artificial air space it was not possible to turn them. 
From the fifth day onwards the mortality rate increased steadily 
and this explains the omission of the virus titrations of embryos 
older than 16-17 days. Actually, however, no fewer than 7 embryos 
developed to maturity and hatched, the chicks in every case being 
deformed to a greater or lesser extent but all lived for more than 
48 hours. No virus could be demonstrated in the brain of any chick 
48 hours after hatching. 

An attempt was made to compare the hatchability of eggs 
inoculated with horsesickness virus and controls seeded with sterile 
saline all being maintained under the same conditions. It was soon 
apparent that the mortality rate in both sets from the seventeenth 
day onwards w^as so high that significant figures could be obtained only 
after a statistical survey of numbers of fertile eggs greater than 
were available. 

No histological examination of any organs was undertaken. 


Conclusions, 

From the experiments which have been described it may be 
concluded that the developing chick embryo constitutes a medium 
entirely suited to the propagation of neurotropic horsesickness virus. 
In the embryo the virus retains its essential neurotropism, multipli¬ 
cation occurring chiefly, if not exclusively, in the brain. The degree 
of multiplication in the chorio-allantoic membrane and in the body 
of the embryo, if it occurs at all, is negligible. The titre of the 
virus in the brain reaches a peak on the fourth or fifth day of incu¬ 
bation, after which there is a steady decrease so that by the eighth 
day only residual traces are detectable. Virus has not been found 
to multiply or persist in the chick after hatching. 

These conclusions apply to only a single strain of virus (that 
known as 20449 which was used in its 181st passage in mice). It is 
not anticijiated that the site of multiplication will differ in the case 
of other virus strains but it is posvsible that there will be some 
variation in the rate of multiplication and the maximum titre. 

The virus appears to have no special lethal effect upon the 
embryo and after maximum development “ dies ” at a rate consider¬ 
ably faster than it does in a serum saline emulsion preserved at the 
same temperature (37*5® C.). 

Discussion. 

Before entering into a discussion of the interesting results 
obtained in this series of experiments it is necessary to state that 
three attempts were made to propagate a field pantropic strain of 
virus in a similar manner. Detailed protocols are omitted because 
of the entirely negative results obtained. Virus in the form of 
infective defibrinated blood haemolyzed by freezing and thawing, 
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and clarified by centrifugation at 3,000 r.p.in. was seeded on to 9-day 
embryos in the usual manner. After incubation for four or five days, 
3 embryos were harvested, divided into membiane, body and head, 
and a pooled 5 per cent, emulsion of each portion seeded separately 
on to other embryos. After three passages emulsions were injected 
separately into susceptible horses. No reactions were produced. 
This finding cannot be taken to impb^ definitely that j^antropic virus 
will not multiply in the chick embryo, since the number of trials 
is too small, but it does indicate that a strain will be adapted only 
with difficulty. 

It now becomes necessary to direct attention to the phenomenon of 
a virus, the original effect of which has been modified by intracerebral 
passage through mice, retaining its acquired neurotropism on propa¬ 
gation in the relatively poorly differentiated brain cells of the chick 
embryo, the mature chicken in turn being quite insusceptible to 
infection. Further, the multiplication of the virus proceeds rapidly 
to a point whi(*h apparently represents the saturation point of the 
host cells and then disintegration and death of the virus commences 
without having had any specific lethal effect. In other words, the 
findings represent an experimental symbiosis l)etween a virus and a 
particular type of cell. 

The fact that the virus has no lethal effect upon the embryo, 
and produces no easily detectable lesion on the meml)rane or in any 
of the organs, makes the use of the chick embryo quite unsuitable 
for the study of problems connec-ted with immunity by the orthodox 
methods (Ihirnet, Keogh and Lush .1937L On the other hand, the 
chick embiyo remains suiiable for virus propagation in large 
quantities. 

On numerous occasions 5 per cent, saline emulsions prepared from 
the brains of mice moribund after intracerebral infection of neuro¬ 
tropic virus strain 20,449 have been titrated and it is quite remarkable 
with wliat consistency 05 c.c. of a one-ten-thousandth dilution 
constitutes 1 M.L.D. The weight of the brain of a mouse of the age 
used is approximately 0 45 grams which means that 100 c.c. of 5 
per cent, emulsion can be obtained from about 12 mice. The 
brain ’’ of a chick embryo incubated from 12-14 days under the 
conditions described was found to weigh from 1*2-1 *9 grams which 
means that 100 c.c. of virus emulsion of the same titre could be 
obtained from 3 or 4 embryos. This brings the propagation of 
attenuated virus for vaccine production in the embryo within 
practi(‘al bounds although it must be pointed out the work involved 
in seeding and harvesting 4 eggs is considerably greater than inject¬ 
ing and subsequently removing the brains from 12 mice. On the 
other hand, it is probable that provision could be made for sufficient 
fertile eggs to be available throughout the year whereas the incidence 
of a disease such as ectromelia, ring worm or mouse typhoid can 
wipe out an entire mouse stock. Were it not for the fact that the 
present routine horsesickness vaccine contains 5 strains of virus thus 
necessitating the use of at least 20 embryos for each batch of vaccine 
a change from mice to eggs would be indicated. In the present 
circumstances the egg method should be kept in reserve to replace 
the use of mice in case of dire necessity. 
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In the ineaiitime tlijere remaiiiB a considerable amount of 
essential work to be done e.g. it is necessary to determine whether 
all virus strains will grow in embryos as easily as strain 20449, 
what is the optimum period of incubation and the virus titre of all 
other strains, whether the degree of attenuation of the neurotropic 
virus remains unaltered for horses, and whether the antigenic 
response in horses remains the same. This work is proceeding and 
will be reported on in due course. 


Summary. 

1. The technique for seeding eggs for the propagation of neuro- 
tropic horsesickness virus in the developing chick embryo is described 
in detail. 

2. It is found that the virus retains its neurotropic character 
and multiplies in the brain of the embryo; little if any multipli¬ 
cation takes place on the chorio-allantoic membrane or in the body 
of the embryo. 

3. The titre of the virus reaches a peak after 4-5 days incubation 
at 37^ C. after which there is a progressive fall in virus content; 
after 8 days only traces of virus are detectable. 

4. The virus produces no macroscoiiicully detectable lesion on 
the membrane and only slight heamorrhagic infiltration in the brain. 

5. The virus exerts no specific lethal action on the emV)ryo. 
Several chicks have hatched and were found to retain no virus in the 
brain. 

6. The embryo mortality ratio amongst seeded eggs during the 
first 5 days of incubation does not exceed 4 per cent. 

7. The possibility of using the chick embryo method for the 
propagation of virus for vaccine production is discussed. 


Addendum. 

The continuation of this work on the propagation of neurotropic 
horsesickness virus was discontinued for approximately a year. An 
attempt was then made by my colleague, Dr. J. H. Mason, to cultivate 
two other neurotropic attenuated strains in chick embryos but without 
success. In the light of the above report which actually constituted 
the third separate adaptation to chick embryos these failures appeared 
so remarkable that parallel control experiments .were run by me 
using strain 449 in its 246th mouse passage. The virus was lost by the 
third egg passage. The work was then repeated using the original 
strain 449 generation 181 that had been stored in a refrigerator at 
4^ C. and was still fully virulent for mice. Again no multiplication 
could be demonstrated and the virus died out by the fourth egg 
passage. Eggs from the same source but naturally from different 
birds were used and it is believed that the identical technique was 
followed but the reason for the consistent failure remains obscure. 

18 



R. A. ALEXANDPm. 


Bearing* in mind the ease with which the virus had been cultivated 
for 17 passages these quite unexpected findings are the present 
subject of close investigation. It would appear that adaptation to 
the chick embryo is not the simple matter that the above work had 
lead us to believe. 
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South African Helminths.—Part III. 


Some Mammalian and Avian Cestodes. 


By 11. J. OIITLEPP, Section of Parasitology, Onderstepoort. 


Fam. Davaineidae Fiihrmann, 1907. 

Sub-fain. Uavatneinae Braun, 1900. 

Raillictina (Skrjahinia) deiveti sp. nov. 

The available examples of this species consisted of one entire 
specimen and the scolex and fragments of another specimen; these 
were collected by Mr. de Wet, veterinary student at this institute, 
and placed at the writer’s disposal for determination. 

The entire sjiecimen is 48 mm. long wdih a maximum breadth of 
0*98 mm. It is built up of 31 segments plus a scolex and short neck; 
all the segments, except the few* aiiteriormost, are much longer than 
broad, and the posteriormost segments have a superficial resemblance 
to the riiie segments of doyeuxia fuhrmanni from carnivores. 

The scolex has a diameter of 0*174 mm. and carries four oval 
suckers, 0*15 mm. long by 0*13 mm. across; the vsuckers carry no 
hooklets, but whether this is normal or whether they have been lost, 
it is not possible to say. The rostellum carries a double row of about 
200 tyx)ical hammer-shaped hooks, each having a length of 0*014 mm. 
The neck is about 0*4 mm. long and in the complete specimen the 
first segment is broader than long, measuring 0*19 mm. by 0*07 mm.; 
in the incomplete specimen the first segment is longer than broad, 
measuring 0*2 mm. long by 0*15 mm. broad. In the complete 
specimen segments 19 to 22 are mature and segments 29, 30 and 31 
are gravid. The largest mature segment is 2*1 mm. long by 
0*58 mm. broad and the posteriormost gravid wsegment is 4*4 mm. 
long by 0*62 mm. broad. 

The ventral excretory canals are well developed and may attain 
a diameter of 0*05 to 0*07 mm. 
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The genital atria alternate irregularly and are situated just 
anterior of the middle of the segment, their position roughly dividing 
the segment into the ratio of 4:5. The pore leads into a small genital 
atrium at the base of which open the male and female ducts. The 
cirrus sac is large and muscular and extends obliquely inwnrds and 
forwards, crossing the excretory canals, and almost reaches the 
midline of the segment (Fig. 1 and 2); it has a fusiform shape and 



Fig. 1.— Bailli^tina {Skrj.) deweti sp. nov. Mature segment. 

in mature segments reaches a length of 0*32 mm. by 0 052 broad; 
a few weak retractor muscles are attached to its base. The cirrus is 
well developed, about 0*2 mm. long and 0*015 mm. thick and is 
densely covered with minute spines; it leads into a somewhat thick- 
walled and convoluted vesicula seminalis interna which on emerging 
from the cirrus sac passes backwards and becomes much coiled; the 
coils are surrounded by darkly staining cells which possibly are 
prostatic in nature. The testes, of which there are 80 to 100, are all 
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situated in the posterior third of the segment behind the ovary; the 
anteriormost testes, however, extend lateral of the yolk gland; they 
are irregularly shajied, but whether this is their normal shape or due 
to contraction is not certain. 



Fig. 2 .—ItaiUietinn {Skrj.) deweti sp. nov. Terminal portions of cirrus poucli 
and va^'ina. 


The female genital glands occupy the middle third of 
the segment. The ovary is in the shai)e of an inverted U and 
consists of many lobules; it occupies the whole space between the 
excretory canals; it is al>out 0*5 mm. long by 0*3 mm. biTjad; 
between the tips of the IT there is a small somewhat globular shell 
gland having a diameter of about 0*07 miii. The yolk gland is large, 
somewhat heart shaped and is situated immediately behind the ovaiy; 
it is almost 0*3 mm. long with a maximum breadth of 0*2 mm. The 
vagina is thick walled and opens into the genital atrium on the same 
level but behind the opening of the cirrus ])ouch ; it is thrown into 
several loops until it |)asses over the exc retory canal, after which it 
passes in a curve posieriorwards between the two ovarian limbs; its 
posterior end is slightly dilated to form a spindle-shaped 
reseptaculum seminis after which it joins the shell gland. The uterus 
makes its appearance in the mature segments as a median canal 
extending forwards from the level of the ovary; it gives off numerous 
irregular side branches; when the genital glands begin to disappear 
it also extends posteriorwards also giving off numerous lateral 
branches; these eventually fill the whole proglottid between the 
excretory canals, and in it the numerous small eggs are lodged. In 
the ripe segments the uterus disappears and the eggs are seen to lie 
singly filling the whole inter-ex(‘retory canals area and not 
aggregated into (dumps to form egg capsules. The eggs are small 
and rounded and only measure 0*014 to 0*015 mm. in diameter; in 
no case were any embryonic hooks made out. 

Affinities .—The hammer-shaped rostellar hooks, irregularly 
alternating genital pores and the absence of egg-capsules containing 
several eggs places this species in the subgenus Skrjahinia Fuhrmann, 
1920. According to Fuhrmann (1932) seven species of this subgenus 
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have been described from g'alliform birds, and, except for R. (S,) 
bolivari (Lopez-Neyra, 1929) the writer has been able to obtain some 
data concerning their morphology. The species R. (S.) cesticillus 
(Molin, 1858), R. (S.) maroteli (Neveu-Lemaire, 1912) and R. (aS.) 
ransoirii (Williams, 1931) differ from the writer’s species in their 
greater number of rostellar hooks (ca. 500) and in their much smaller 
cirrus pouches and smaller number of testes. R. {S.) circumvallata 
(Krabbe, 1869) and R. {S.) polyuterina (Fuhrmann, 1908) have ca. 
200 hooks, 0 016 mm. long, but can be separated from the writer’s 
species by their smaller number of testes (20 and 40 respectively) 
and much smaller cirrus pouches; the small cirrus pouch also 
distinguishes R. (S,) return: (Clerc, 1903) from the above described 
species. The elongated natui'e of the segments, the disposition of the 
genital glands and the large size of the cirrus pouch seem to ally 
the writer’s species with R. (S,) hovini (Megnin, 1899) from 
columbiform birds, but these two species can be easily separated in 
that the latter species has only 120 rostellar hooks, the ovaries are 
smaller and not Tl-shaped and the testes are only about 30 in number. 

Specific diagnosis.— J)a,\SLmnemsie provided with ca. 200 rostellar 
hooks, 0*014 mm. long; genital pores irregularly alternating; 
majority of segments much longer than broad; about 100 testes in 
posterior third of segment behind ovary; cirrus sac large, almost 
leaching mid-line of segment; ovary an inverted XJ, large and much 
lobulated; yolk gland behind ovary, large and somewhat heart- 
shaped ; vagina thick-walled and distal portion convoluted; uterus 
arises as a median stem with numerous side branches. Eggs single 
and not forming egg capsules containing several eggs. 

Host: A^tcniida sp. 

Location: Small Intestine. 

Locality: Lady Grey, Cape Province. 

Type in the Onderstepoort Helminthological collection. 


Sub-fain. Idiogeninae Fuhrmann 1907. 

Schistonietra korhaani^ sp .nov. 

This species is represented by two mature specimens collected 
from a white-quilled Korhaan, Orange Free State, and two immature 
specimens from a Grey Korhaan, Transvaal. Only one of the mature 
specimens contained a head which, for some reason unknown, had 
been twisted ventralwards and flattened en face; however, the hooks 
were still present. 

The specimens are a dirty brownish grey and do not show a 
yellowish colour in their end segments as described for other members 
of this genus. The largest specimen is 70 mm. long, and has a 
maximum breadth of 2*6 mm. behind its middle, and a thickness of 
1*6 mm.; the other mature specimen was sectioned, transversely 

* “ Korhaan ” is the Afrikaans name for a Bustard. 
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and horizontally; it was 63 mm. long, and had a maximum breadth 
of 2*8 mm. and a thickness of 19 mm. the flattened scolex is 
0*85 mm. by 0 75 mm. across; the two scolices from the immature 
specimens are quadrangular and seen from the front have a latero- 
lateral width of 0*4 and 0*46 mm. and a dorso-ventral width of 
0*37 and 0*4 mm. respectively. The rostellum was in all cases 
retracted; it is flattened dorso-ventrally and in the uiiflattened heads 
it was 0*28 mm. broad by 0 15 mm. high; it is armed by numerous 
small hammer-shai)ed hooks arranged in two rows (Fig. 3); these 



Fig. 3 .—Schistometra korhaanl sp. nor. Front view of scolex showing arrange¬ 
ment of liooks. 

rows are arranged in an irregular zig-zag and do not meet laterally, 
i.e. the dorsal and ventral rows of hooks are separated from each 
other by a break; two heads, which apparently still retained all their 
hooks, carried respectively just over 700 and 800 hooks each. These 
hooks are 0*010 mm. long. The four suckers occupy the four corners 
of the head; each is provided wdth two lateral appendages as 
described for the genus Ocfopetalmn; they are unarmed and in the 
impressed heads have a diameter of 0*17 mm. and a depth of 
0*12 mm. 

Hound the base of the rostellum there are numerous small hooks, 
having the shape of a fish-hook. They are 0*003 mm. long with a 
hook about 0*001 mm. long. 

In transverse section it is noted that the longitudinal muscu¬ 
lature is very strongly developed (Fig. 4); it forms a layer about 
0*3 inm. thick surrounding the parenchyma, this layer being built 
up of numerous columns of muscle bundles, each column composed 
of 5 to 7 bundles; the outermost bundles are the smallest, being 
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composed of 1 to 3 fibres each, but passing inwards the bundles 
become larger and the innermost bundles may each be built up of as 
many as 80 fibres, each 0'003 to 0*008 mm. in diameter. On the 
outer and inner margin of this muscle layer there is a thin layer of 
circular muscles, and the outer surface is bounded by a cuticle 
reaching 0*013 inm. in thickness. The dorso-ventral musculature is 
very poorly developed and consists of only a few isolated fibres. 



I OZMm.. I 

Fig. 4 .—Schistometra korhaani sp. nov. Transverse section of cortex 
(Cu = cuticle; S.G.L. = subcuticular glandulfir cells; L.M. = 
longtitudinal muscle bundles; T.M. = transverse muscles; 
Med. — medulla). 

The ventral excretory vessel is large and thin-walled and runs 
more or less straight; in mature segments it has a diameter of 0 13 
to 0*17 mm.; and at the posterior end of each segment a valve 
projects into its lumen as figured for Schistometra conoides; the 
dorsal excretory vessel is much smaller, having a diameter of at most 
0*018 mm.; it runs a somewhat zig-zag course, has a thit*ker wail 
and is surrounded by darkly staining cells. The nerve cord is quite 
distinct and lies just lateral of the ventral excretory canal and has a 
thickness of 0*025 to 0*03 mm. 

Except for the posterior segments, the segments are all very much 
broader than long; the posterior edge of each segment is extended 
backwards fo form a collar covering about half of the segment behind. 
The genital atria are practically unilateral but a few contiguous 
atria- are present on the opposite side; they are situated in the 
anterior half of the segment; the genital ducts have a peculiar course 
in that they pass between the excretory canals and dorsal of the 
nerve cord or dorsal of the excretory canals and nerve. 

The cirrus pouch is muscular and oblong and does not reach 
the excretory canals; it is from 0*2 to 0*3 mm. long by 0*04 to 
0*045 mm. thick ; the cirrus is delicate and appears to carry minute 
spines. The vas deferens is coiled inside the cirrus pouch and after 
crossing the excretory canals it becomes densely coiled and is 
suTrounded by deeply staining prostatic cells. There appear to be 
from 40 to 60 testes, 0*035 by 0*023 mm. to 0*042 by 0*015 mm. size, 
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and confined to the posterior half of the segment; they occupy a 
vertical plane, two to three testes deep, behind the ovary, and the 
ylane may be one to three testes broad; they do not extend beyond 
the excretory canals, and in a horizontal section 12 to 20 testes may 
be seen in a single section of a segment. 

The vaginal aperture is situated on the same level but behind 
the opening of the cirrus pouch; both open into a deep genital sinus 
about 01 mm. deep. The ovary is slightly poral in position and 
consists of two lobes; the shell gland lies between these two 
lobes but dorsal, and the yolk gland lies posterior of the aporal 
ovarian lobe. The uterus makes its finst appearance as a transverse 
structure in front of the testes; its growth is more rapid laterally, 
less so dorso-ventrally and least anteriorly; it extends laterally to 
the excretory canals and anteriorly to about the middle of the 
segment; irregular antero-posteiior septa portion off its lumen into 
a number of compartments. 



Fig. 5 .—Schistometra korhaani sp. nov. Horizontal section of ripe segment 
sliowing parutcrine organ. 


The paruterine organ arises as a streak of deeply staining cells 
along the anterior margin of the segment; it grows posteriorly but 
its centre grows quicker than its sides. This thickened central plug 
grows and presses on the anterior face of the uterus and eventually 
by further growth forces the anterior wall of the uterus back on to 
its posterior wall; in this way in older segments there are apj)arently 
two separate uteri, one on either side of the ])aruterine organ, but 
careful examination will show that these two sacs are joined to each 
other by the adjacent anterior and posterior uterine avails. With the 
continued growth of the paruterine organ the segments become longer 
and may eventually become 1*4 mm. long by 1*1 mm. broad and 
1-2 mm. thick; in these segments the adjacent uterine walls, behind 
the paruterine organ, again become separated and the organ itself be¬ 
comes globular and hollow^ (Fig. 5); just before the segments become 
liberated an opening is formed on the posterior face of the paruterine 
organ and through a rupture in the uterus the eggs pass singly from 
the uterus into the organ. The eggs almost fill the organ, the rest 
of the organ being filled by a structureless cement-like material. In 
fully mature segments the paruterine organ reaches a length of 
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0-52 mm. by 0*435 mm. across. The eggs are provided with three 
coats, the 2nd forming the egg shell; they are rounded 0*037 to 
0*04 mm. in diameter with an embryo measuring 0*032 mm. 

Affinities .—The type of rostellar hooks and the presence of a 
paruterine organ places this species in the sub-family Idiogeninae 
Fuhrmann, 1907. The well developed longitudinal muscles, the 
disposition of the testes in a vertical plane behind the female glands, 
the presence of appendages on the suckers, and the presence of values 
in the excretory system places it in the genus Schistometra 
Cholodkovsky, 1912. Three species of cestodes have been assigned 
to this genus, namely S. conoidsis (Bloch, 1702), &. macqiieeni 
(Woodland, 1930) and S. wettsteini Weithofer, 1916, all of which 
occur in otidiform birds. A description of the last named species is 
unfortunately not available. 

From Skrjabin’s (1914) redescription of S. togata Cholod., 1912 
[=>S. conoideis (Bloch)] it is apparent that this species differs from 
the wrier’s material in the number and arrangement of the rostellar 
hooks and in the irregularly alternating arrangement of the genital 
pores. In S. macqueeni the rostellar hooks are arranged in a single 
row, the genital pores irregularly alternate and the uterus breaks up 
into capsules containing several eggs. 

Specific diagnosis .—Idiogeninae with thickened strobila, and 
well developed longitudinal muscles and segments, except the last 
few, much broader than long. Scolex with four unarmed suckers 
each carrying a pair of appendages, and rostellum with numerous 
(700-800) hooks arranged in a double zig-zag row not meeting 
laterally; numerous minute booklets covering base of rostellum. 
Genital pores mostly unilateral. Genital ducts pass between or dorsal 
of excretory canals; 40-60 testes- in a vertical plane in posterior half 
of segment; ovary two lobed, slightly poral in position and anterior 
to testes; uterus transverse and divided by septa into a number of 
compartments. Paruterine organ globular and receives eggs prior 
to being detached. 

Host: Afrotis afroides afroides (A. 8mith) and Eitpodotis 
harrowi (Gray). 

Location: Small intestine. 

Locality: Orange Free State and Transvaal. 

Types, in the Onderstepoort Helminthological collt^ction. 


Fam. Anoplocephalidae Fuhrmann, 1907. 

Sub-fam. Linstowinae Fuhrmann, 1907. 

Inermicapsifer leporis sp. nov. 

About 50 specimens of this small cestode were recovered from 
the small intestine of a vlakhaas —Lepus capensis vernayi Roberts, 
shot at Fauresmith, O.F.S. The specimens were well extended and 
were studied both in section and as toto mounts. 
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The leng’th varies from 15 to 25 mm. with a maximum breadth 
towards the posterior end of 101 to 1-07 mm.; the scolex is fairly 
large and squarish and has a cross diameter of 0'59 to 0 ()4 mm.; 
the suckers are rounded, prominent and have a diameter of 0*23 to 
(1-28 mm. The head is followed by a short neck 0-23 to 0 3 ram. 
long by 0*34 to 0-41 mm. wide. The segments, of which there are 
75 to 90, are at first very much wider than long; as they reach 
maturity, however, the length increases so that in mature segments 
they are only slightly more than twice as broad as long; (0*73 by 
0-3 mm.) further back the relations change so that when ripe the 
segments are actually longer than broad (0*73 to 0*82 mm. broad 
by O'84 to 0*9 mm. long). 

The genital rudiments make their ai)pearance very soon after 
the demarcation of the youngest segments; the first to appear are 
the rudiments of the female glands and the vagina and cirrus; about 
15 segments further back the testes appear and from about the 35th 
to 40th segment the segments became mature. Only the last half 
dozen segments can be considered as ripe. The genital pores are 
all unilaleral and situated at the (*entre of the lateral margin; in 
ripe segments, however, they may occu])y a slightly more i^osterior 
position. The genital ducts all })ass dorsal of the nerve and ventral 
excretory canal. 



Fig. 6 .—Inermicapsifer (eporis sp. nov. Mature segment. 


The testes (Fig. (i) of which there are from 35 to 40 in each 
segment, are, when mature, hollow oval bags having their germinal 
cells aggregated towards one side and the rest of the bag filled with 
sperms; they measure from 0*05 to 0*0()5 mm. by 0*04 by 0*48 mm. 
When they make their first appearance they are arranged in two 
groups separated by the female gland rudiments; as they reach 
maturity they enlarge and may pass posterior of the ovarian 
rudiments thus forming a continuous layer lateral and posterior of 
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the ovary. However, this state only lasts tlirough a few segments 
because, as the ovary matures and enlarges, it pushes the testes apart 
so that there is again a poral and an aporal group. The poral group 
consists of from 10 to Id testes, the remainder being aporal; they 
reach but do not pass over the excretory canals, neither are they 
found anterior of the female glands; they form a layer one to two 
testes deep. Tlie cirrus sac is muscular and oval 0*11 to 0*15 mm. 
long with a maximum diameter in its inner third of 0*05 mm.; it 
may reach but does not cross the excretory canals. The cirrus is very 
weak and unarmed; a small vesicular seminalis interna is present. 
After crossing the excretory canal the vas deferens widens, is filled 
with sperms and is thrown into several dorso-ventral loops. 

The vagina opens to the exterior posterior and ventral of the 
cirrus sac; it is muscular, has its lumen lined by delicate cilia, and 
extends to the excretory canal. Beyond the excretory canal it loses 
its muscular nature and enlarges to form a thin-walled and slightly 
convoluted receptaculum seminis. The ovary is a multilobulate 
organ, slightly poral in position, and has its lobes limited to its 
lateral and posterior margins; it is about 0*1() mm. long by 0*17 mm. 
broad. The yolk gland is somewhat oval, 0*09 mm. broad by 0*07 
mm. long and is situated posterior and ventral of the ovary, slightly 
towards its aporal maigin. The uterus arises as a transverse tube, 
but it very soon breaks up to form 40 to 50 egg (apsules each con¬ 
taining 3 to 10 eggs; these eventually occupy the whole of the segment 
and even extend lateral of the excretory canals. 

The cuticle is 0*004 to O OOG mm. thick; internal to it and 
extending through the whole thickness of the cortical parenchyma 
there are numeious irregularly scattered longitudinal muscle fibres, 
not arranged in any definite layer. Vertical and transverse muscles 
are also well represented by irregularly scattered figres. 

The excretory system is represented by the usual two longi¬ 
tudinal canals, which, however, are situated on the same level; the 
ventral excretory canal is from 0*21 to 0*29 mm. from the edge of 
the segment in mature and ripe segments, and has a diameter of 
about 0*02 mm.; the dorsal excretory canal is found about midway 
between the ventral canal and the edge of the segment; it is very 
small and has a diameter of only about O OOG mm. 

Affiiiities .—The above species forms a transition between the 
group settii and the group hyracis in that the two groups of testes 
are not so widely separated as in the former group, and also because 
prior to the maturation of the ovary the tesles meet posterior of the 
ovary as is seen in the latter group. However, this latter condition 
is only transitory, and consequently the above described species can 
be referred to the seMii group. 

Of the twelve species of this genus which have been rescribed 
from mammals, there is only one, /. settii Janicki, 1910 from 
Procavia capensis, in which the testes are arranged in two groups. 

The writer’s specimens differ from Janicki’s species in that the 
two groups of testes are not so distinctly separated, the number of 
testes is smaller, there are more egg capsules per segment and the 
genital pores are situated in the centre of the lateral margin. 
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Specific diagnoms. —Linstowiuae up to 25 mm. long' diarao 
teriwsed by having 36 to 40 testes arranged in a X)oral group of 10 to 
13 testes and the remainder situated aporally; no testes anterior of 
the ovary, and prior to maturity of ovary a few testes may be 
posterior of the ovary. Ovary slightly poral in position; recep- 
taeulum seniinis present; 40 to 50 egg capsules to each segment, these 
extending laterally over the excretory canals. 

Host: Lepsns ca pen sis vernayi Roberts. 

Situation: Small intestine. 

Locality: Fauresmith, Orange Free State. 

Types in the Helminthological Collection, Onderstepoort. 


Fain. Dilepididae Fuhrmann, 1907. 

Sub-fam. Dilepidinae Fuhrmann, 1907. 

Catenotaenin geosciuri sp. nov. 

This species is represented by one worm 93 mm. long and the 
scolex and fragmenis of what probably represents a second specimen. 
Entire specimens are })r()bably considerably longer than the longest 
worm present, because in this worm ihe hindmost segment was only 
about half the length of detached segments, and neither did it contain 
any eggs. The largest worm was mounted in toto and from it, except 
where otherwise stated, the following details were observed. The 
worm (‘onsists of 37 segments which progressively increase in length 
posteriorly. The anteriormosi vsegment is slightly broader than long 
(0*278 mm. by 0*19 mm.) and so is the second (0*282 mm. by 
0*232 mm.); the third is longer than broad (4*27 mm. by 1*24 mm.); 
the last segment is the largest measuring 7*3 mm. long by 1*45 mm. 
broad in its middle; detached segments were nuich longer, the largest 
measuring nearly 15 mm. long by 1*0 mm. broad. These elongated 
segments give the strobila a superficial appearance very similar to 
that seen in members of the genus Dipylidinm, 

The head is relatively small and carries four somewhat rounded 
and small suckers; in the mounted specimen the head measured 
0*27 mm. across and the suckers had a diameter of 0*087 mm.; the 
unmounted head measin*ed 0*348 mm. across and the suckers had a 
diameter of 0*128 mm. In both scolices a rostellum and hooks were 
absent. The neck is elongate and is slightly thinner than the scolex; 
it measured 1*3 mm. long and 0*230 mm. across in the mounted and 
1*6 mm. long and 0*29 to 0*305 mm. across in the unmounted 
specimen. 

The longitudinal muscles are fairly well developed and in cross 
section are seen to be arranged in a single layer surrounding the 
medulla; it consists mostly of isolated muscle fibres, but in some 
places there appears to be a tendency for 4 to 7 fibres to be aggregated 
together to form bundles. Circular and dorso-ventral muscles appear 
to be poorly developed. 
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The excretory system consists of two longitudinal canals passing 
down the length of the strobila; these do not form a complicated 
network as described for C, lohata Baer and C. syinmetnca Baylis. 
The ventral canals are large and increase in diameter posteriorwards; 
in section they have a diameter of 0*03 to 0*04 mm. in mature 
segments and 0*072 to 0*09 mm. in ripe segments; these canals are 
joined to each other by a transverse canal at the posterior end of each 
segment. The dorsal canals are small, have a diameter of 0*009 to 
0*014 mm. and are situated dorso-lateral of the ventral canals. The 
nerve cord lies just lateral of the ventral canals. The genital ducts 
pass dorsal of the ventral canal and nerve cord. 

The genital pores alternate irregularly and are situated far 
forwards at about the junction of the 1st and 2nd fifths of the 
segment. The cirrus sac is somewhat pearshaped and is from 0*2 to 
0*25 mm. long with a diameter of 0*11 to 0*13 mm. (Fig. 7); it 
crosses the excretory canals. The cirrus is weakly muscular, is 
unarmed, has its lumen lined by cuticle and is from 0*04 to 0 045 
mm. thick. , A vesicula seminalis interna is present. The testes are 
numerous and are all situated in the posterior half of the segment 
behind the fetnale glands; there appear to be about 200 testes from 
0*064 to 0*087 mm. in diameter. 

A striking characteristic of this species is the excessive develop¬ 
ment and position of its vagina; it opens into the genital pore just 
posterior of the opening of the cirrus sac; it passes transversely 
inwards until it crosses the excretory (‘anals after which it passes 
backwards, more or less parallel to the ventral canal and is thrown 
into a few loops during its course. It is thick walled and has .a 
diameter of about 0*075 mm. to 0*085 mm.; its lumen has a 
cuticular lining; it is surrounded by darkly staining prostatic cells, 
and is about 1*3 to 1*5 mm. long. Its posterior extremity widens 
out to form a globular receptaculum seminis, situated just in front 
of the yolk glands; the receptaculum seminis is small and incon¬ 
spicuous in mature segments but after the dissolution of the ovary 
and yolk glands it increases in size and may attain a diameter of 0 *23 
to 0*29 mm. The female glands are confined to the anterior half of 
the segment; the ovary is large and multilobed and occupies an 
aporal position; it has a maximum length of 1*46 mm. by 0*73 mm. 
broad, and extends slightly posterior of the yolk gland. The yolk 
gland is porally situated towards the jmsterior end of the ovary; ?t 
is multilobed somew^hat rounded organ attaining a length of 0*427 
mm. by 0*45 mm. broad. The uterus first makes its appearance in 
mature segments as a centrally placed hollow tube extending forwards 
anterior of the oyary; in older segments a similar tube passes 
backwards tow^ards the posterior end, and w^hen the sexual glands 
begin to disappear sacculations or lateral branches are formed on 
either side of this central tube; in ripe segments these lateral 
sacculations number about 40 on either side and the majority show 
secondary indentations (Fig. 8j. Numerous eggs are present; the 
outer membranous envelope has diameter of 0*023 to 0*025 mm.; the 
inner cuticular shell is oval, 0*015 to 0-*0175 mm. long by 0*11 mm. 
broad, and the embryo fills its lumen. The six hexacanth hooks are 
small and only measure 0*005 to 0*006 mm. in length. 
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Affinities. —The absence of an excretory network allies this 
species to C. pusilla (Goeze, 1782) and C. (lendritica ((joeze, 1872) 
and distinguishes it from the two species C. lohata Baer, 1925 and 
C. symmetrica Baylis, 1927. It has about the same number of testes 
as in C, dendriiica (approximately 200 to 250) but many more than 



7. Fig. 8. 


Fig. 7.-~Gatenotaenia geoschiri sp. nov. Matuj-e segment. 

Fig. 8 ,—Catenofuenia geosciuri sp. nov . Ripe segment siiovving uterus. 

in C. pusilla (approximately 70). The writer’s species, however, may 
be differentiated from C, dendritica by the nature and position of its 
vagina, the more anterior position of the genital pores and by its 
greater number of lateral uterine branches. The writer has not 
been able to compare his vspecies with (7. rhomhomidis Schulz and 
Landa, 1934, these authors’ description not being available in Smith 
Africa. 

Specific diagnosis. —llilepidiiiae without hooks or rostellum; 
strobila probably considtu'ably longer than 93 mm.; segments, except 
for the first few, all longer than broad; posterior segments may be 
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15 min. long; excetory system of small dorsal and large ventral 
canals, latter joined to each other by transverse canal at posterior 
end of segment ; excretory network of canals absent. Genital pores 
alternate irregularly and are situated far forwards; cirrus sac 
pear-shaped, crosses excretory canal and contains an unarmed cirrus 
and vesicula seminalis interna; tesies about 200 in number and 
situated behind female glands in posterior half of segment, vagina 
long, muscmlar, surrounded by darkly staining prostatic cells and 
passes backwards more or less parallel to lateral margin of segments; 
ovary large, multilobate and aporal; yolk gland somewhat rounded 
and lobate, situated porally at side of posterior extremity of ovary; 
reseptaculum seminis present; uterus a median stem with about 
40 sacculations on either side; eggs numerous, outer envelope 0*023 
to 0*025 mm. diameter and inner egg shell 0*015 to 0*0175 mm. 
diameter. 

Host: Geoscivris capensU capensis (Kerr.) 

Location : Small intestine. 

Locality: Lady Grey, Cape Province. 

Types in the Onderstepoort Helminthological Collection. 


Onderstepoortia taeniaeformis gen. & sp. nov. 

Four specimens of this species were obtained from a single 
stone curlew shot in the grounds of this institute; besides this species 
the intestine contained more than a hundred specimens of a cestode 
which the writer thinks is identical with Paricterofaenia delachauxi 
(Baer, 1925). 

The maximum length is 41 mm.; the longest siiecimen has G5 
segments and in it the genitalia make their appearance in the 40th 
segment; the 53rd to 60th segment are mature and the last segment 
has lost all its genitalia but no uterus or eggs are present. A 
specimen 38 mm. long has 76 segments and the genitalia appear in 
the 45th segment; segments 59 to 67 are mature and the last segment 
contains eggs. The maximum breadth is 2 mm. and the segments 
are all broader than long except the posteriormost where they may 
reach a length of about 3 mm. by 1*9 mm. broad. 

The scolex is large and reaches 1*1 mm. across; the four suckers 
are rounded, have a diameter of about 0*28 mm. and are tilted 
slightly forwards. The rostellum is massive up to 0 *34 mm. diameter 
and carries a single circlet -of 30 to 32 taenoid hooks 0*22 to 0*228 
mm. long from the tip of the blade to the tip of the handle (Fig. 9); 
the blade and the handle are more or less in a straight line and the 
guard forms almost a right angle with this line. The hooks vary 
slightly in size, alternate hooks having slightly shorter and narrower 
handles than those adjacent. 

The neck is short and is only 0*3 to 0*39 mm. long with a 
maximum breadth of 0*6 mm.; mature segments are from 1*1 to 
1*5 mm. long by 1*8 to 2 mm. broad; thje posteriormost segment 
may reach a length of 3mm. by 1*9 mm. broad. 
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In transverse sections of mature segments the following 
anatomical details are observed (Fig. 10); the cuticle has a thickness 
of 0*007 mm. and this is followed by a very thin layer of transverse 
muscle fibres; the subcuticular glandular cells form a layer about 
0*04 mm. thick and consists of large club-shaped cells; the 
longitudinal muscles in the cortex form a layer about 0*14 mm. thick 
and consists of large bundles of muscle fibres, the bundles being 
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Fig. 9 .—Onderstcpoortia taeniaejormis gen. & sp. nv. Rostellar hook. 

Pig. 10 .—Onderstepoortui taenioefoj'mis gen. & sp. nov. Transverse section of 
medulla and cortex. (T — testis; other lettering as in Fig. 5.) 


generally 3 deep; the outer bundles are smaller and consist of 15 to 
20 fibres each whereas the inner bundles are larger and consist of 40 
to 50 fibres each; each fibre may attain a diameter up to 0*009 mm.; 
the parenchyma between this layer and the glandular cells is from 
0*042 to 0*049 mm. thick and contains very few isolated fibres; more 
isolated fibres are however present in this region towards the ends of 
the segment. The inner transverse muscles form a layer only 
0*012 to 0*014 mm. thick. The central and dorsal excretory vessels 
are relatively large, the formar having a diameter of 0*026 to 0*032 
mm. and the latter of 0*01 to 0*012 mm.; the formar is situated 
0*29 to 0*38 mm. from the edge of the segment. The nerve cords 
lie just outside the ventral excretory canals, are more or less rounded 
and have a diameter of 0*0e58 to 0*073 mm. The genital ducts pass 
between the excretory canals and dorsal of the nerve. 

The genital atria are small and inconspicuous, alternate irregu¬ 
larly and are vsituated in the anterior half of the segment at about the 
junction of the first and second thirds. The cirrus sac is muscular 
and club shaped and crosses the excretory canals (Fig. 11); it is from 
0*278 to 0*29 mm. long with a maximum thickness of 0*052 mm.; 
the vas deferens forms only a few coils inside the cirrus sac but after 
emerging it forms a dense mass of coils. The testes fill up the whole 
segment not occupied by the female glands and male and female 
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genital ducts; they number from 120 to 150 and are limited laterally 
by the excretory canals, and occur throughout the thickness of the 
medulla forming a layer two to three testes deep ; they are rounded 
and large and have a diameter of O OOT to 0 073 mm. A vesicula 
seminalis interna and externa are absent. 



Fig. 11 .—Onderstepoortia taeniae form is gen. & sp. nov. Mature segment. 


The vagina opens into the genital atrium just behind the cirrus 
sac; it is muscular and is surrounded by darkly staining cells; its 
inner end is expanded to form a large and oval receptaculum seminis 
which may reach a length of 0-232 mm. by 0104 mm. across. The 
ovary is a (uescentic multilol>ed organ, slightly poral in position ; the 
yolk gland is large and lies posterior-lateral of the ovary forming a 
kind of plug to this organ. The shell gland is very small and is 
partially embedded in the dorsal portion of the yolk gland. The 
uterus ai)pears to be very transitory because no signs of it weie seen 
prior to the appearance of the eggs; in se(*tions of egg containing 
segments the uterus has broken up into a number of small chambers, 
each of which contains a single egg. The eggs fill up the Avhole 
segment between the excretory canals; they^ are rounded and thin 
shelled and have a diameter of about 0*058 mm.; the on(*hosphere is 
up to 0 045 mm. large and its hooks are 0 026 mm. long. 

Affinities ,—The presence of an armed rostellum with taenoid 
hooks and a uterus which breaks up to form egg cp^psules places this 
species in the sub-family Uipylidiinae (Stiles, 1896) of the family 
Dilipidae Fuhrmann, 1907. Among the known genera of this 
subfamily the writer’s material appears to have its nearest relatives 
among the members of the genus Choanotaenia llailliet, 1896; this 
is supported by the presence of a single crown of rostellar hooks, 
irregularly alternating genital atria, genital ducts passing between 
the excretory canals and dorsal of the nerve and the uterine capsules 
containing a single egg. Also the arrangement of the testes is very 
similar to that seen in Choanototaenia cingidifera (Krabbe, 1869) 
except that in this species testes are not present anterior of the coils 
of the vas deferens. The taenoid shape of the hooks would tend to 
ally the writer’s species to those of the genus Pancterotaenia 
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Fuhrmann, 1932 (Dilepidinae Fvihrmann, 1907) because in P. viacra- 
cantha Fuhrmann, 1908 hooks of the same shape are present and 
these are also arranged in a single circle, but the presence of uterine 
egg capsules and testes anterior of the female glands excludes the 
writer’s sj)ecies from this genus. 

The shape of the rostellar hooks and the arrangement of the testes 
encircling the female glands and passing anterior of the coils of the 
vas deferens are characters which, as far as the writer could ascertain, 
have not been recorded for any known member of the genus 
Ciioariotaenia and the writer feels that these characters are of 
sufficient weight to merit the creation of a new genus— Onderste- 
poortia —for the reception of this species. This genus would be 
chara(*terised as follows : Dipylidiinae of medium^ size having a single 
crown of taenoid hooks; genital atria irregularly alternating; 
genital ducts pass between e.rcretory canals and dorsal of nerve: 
testes encircle female glands and pass anterior of coils of vas deferens; 
uterus forms capsules each cojitaining a single egg. Type: 
O. taeniaeformis sp. n. from Burhinops capensis capensis, Onderste- 
poort, Transvaal. 

Specific diagnosis. —Dipylidiinae reaching a length of 41 mm. 
having a rostelluin carrying a single crown of 30 to 32 taenoid hooks 
0*22 to 0*228 mm. long; cirrus sac crosses the excretory canal; 
testes 120-150 in number, rounded, practically fill the whole segment, 
ensircle the female glands and pass in front of the coils of the vas 
deferens; ovary slightly poral and crescentic; receptaculum seminis 
large; uterus breaks up to form egg capsules each containing a single 
egg; eggs thin shelled, 0*058 mm. in diameter. 

Host: Byrhinops capensis capensis, (Lcht.). 

Location: Small intestine. 

Locality: Onderstepoort, Transvaal. 

Types in the Onderstepoort Helminthological Collection. 


Fain : Hymenolkpididae Fuhrmann, 1907 
Sub-fam. : Hymenole:pii)inae Perrier, 1897. 

J]ymemolepis suricattae sp. nov. 

This species is represented by several fragments originating from 
at least five worms as represented by their heads. The largest 
fragment, representing the posterior portion of the worm, is about 
40 mm. long with a maximum thickness of 1*6 mm. at its posterior 
end. Judging from the state of development of the organs in the 
anterior segment of this fragment, and organs in the posterior 
segments of another fragment containing a head it is probable that 
an entire worm would reach about 70 mm. in length. 

The head is top-shaped and has a maximum diameter across the 
posterior third of the suckers of 0*29 mm. The rostellum is well 
developed and is in all cases retracted into the scolex; it is from 
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0*2 to 0*212 mm. long with a maximum thickiieas of 0*093 to 
0*102 mm. It carries a single row of rose-thorn shaped hooks 
(Fig. 12 a) which in the five heads numbered 15, 17, 15, 14, and 15 
respectively. From the tip of the blade to the tip of the handle the 



Fig. 12 .—Hymenolepis surieattae sp. nov. Mature segment. 

(C.S. = Cirrus Sac; R.S. = Receptaculum Seminis ; A^.S.K. — Vesicula Seminalis 

externa , V.S.l. = Vesicula Seminalis Interna.) 


size varied from 0*021 to 0*023 mm. and from the tip of the handle 
to the tip of the guard 0*019 to 0*02 mm. The four suckers are oval 
about 0*17 mm. long by 0*14 mm. across. The neck varies 
considerably in length, being from 1*4 io 3*5 mm. long by 0*10 to 
0*174 mm. broad. The segments, of which there are about 400 to 
each strobila, are all broader than long. Those towards the anterior 
end and just showing the beginnings of the developing genitalie are 
0*320 mm. wide and 0*08 mm. long; mature segments measure 1*13 to 
1*2 mm. broad by 0*102 to 0*17 mm. long and ripe segments are 1*35 
mm. broad and 0*225 mm. long. The genital pores are all unilateral 
and situated mostly just behind the middle of the segment. 

The ventral excretory canals are situated 0*29 to 0*30 mm. from 
the aporal and poral margins respectively in mature segments and 
have a diameter of 0*000 mm. The dorsal excretory vessels were not 
observed. The longitudinal muscles consist of the usual two layers 
of fibre bun tiles. 

The three testes are arranged in a flat triangle (Fig. 12 B), two 
being aporal and one poral in position; the central testis lies 
immediately posterior of the ovary and the outermost apt)ral testes 
is situated slightly anterior and lateral of this medial testis; they 
are slightly oval organs measuring in their mature state 0*145 to 
0*17 mm. by 0*11 to 0*13 mm. The cirrus sac is relatively thin 
walled and club shaped and extends over the excretory canals to 
terminate anterior of the poral testes; it is from 0*34 to 0*30 mm. 
long by 0*072 to 0*098 mm. broad in mature segments. The cirrus 
is small and inconspicuous and the greater portion of the cirrus sac 
is filled by the large vesicula seminalis interna which is from 0*19 to 
0*22 mm. long by 0*072 to 0*095 mitu in diameter, A large and 
slightly twisted vesicula seminalis externa extends to the ovarian 
field. 
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The ovary is centrally placed and is transversely elongated and 
lobed; it is 0 *23 to 0 *255 mm. broad by 0*09 to 0 *115 mm. long. 
The yolk gland lies immediately posterior of the ovary; it may be 
rounded, oval or slightly lobed and has a diameter of about 0 *075 mm. 
The vagina opens ventral of the cirrus sac and is provided with a 
voluminous reseptaculum seminis which increases in size posterior- 
wards but diminishes in size again in those segments where the eggs 
are maturing. The uterus is a transverse and sacculated bag which 
in mature segments fills practically the whole segment, squeezing 
the excretory canals against the lateral margins. The eggs have 
three envelopes, the thin shelled egg embryophore measures 0*024 
mm. and the embryo 0*022 mm. in diameter respectively, and the 
hexacanth hooks 0*0084 mm. 

—Except tor one doubtful record by Gaiger (1915) 
of a Hymenolepis sp. from a dog, this is the first record of a member 
of this genus from a carnivore; the nature of the hooks, belonging 
to group IV of Fuhrmann (1900), their number and size easily 
distinguishes this species from the known mammalian species of this 
genus. The shajje of the hooks is very similar to that found in 
H, petrodrotni Baer, 1933, from an Insectivore, but in this latter 
species the hooks number orBy ten and are much smaller; besides its 
testes are arianged in a transverse roTv. Similar types of h(X)ks are 
also found in //. (jlobirostris Baer, 1925, from llodents and 
//. inicispinosa Joyeux and Baer, 1930, also from Rodents; in the 
former species however the hooks are fewer in number (12-14; and 
smaller (0*018 nun.) and in the latter fewer in number (12) and 
much larger (0*034 mm.). 

Specific (liagnosis. —Hynienolepidinae of medium size which 
may reach 70 mm. in length; head small and cone-shaped; suckers 
oval, hooks 14-17 in a single row, rose-thorn shaped and 0*021 to 
0*023 mm. long from tip of blade to tip of handle; two aporal and 
one poral testes, arranged in a flat triangle; vesicula seminalis 
interna and exierna large; cirrus sac crosses excretory canal and 
reaches poral testes; ovary central and lobed; uterus sacculated 
and fills practically whole segment in ripe segments. Eggs thin 
shelled. 


Host: Suri(’(ita sun cotta siiricatta Erxl. 

Location : Small intestine. 

Locality: Eauresmith, Orange Free State. 

Types in the Onderstepoort Helminthological Collection. 


Fam. Taeniidae Ludwig, 1886. 

Cladotaenia freani sp. nov. 

The specimens of this species were submitted to this institute 
for determination by Mr. J. R. Frean, Government Veterinary Officer, 
at Potchefstroom, Transvaal. He obtained them from a Black Eagle 
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Hawk, shot at Victoria West, Cape Province. The material consisted 
of four strobilae with ripe segments but no scolices and three 
fragments with scolices; two of the latter still retained most of their 
hooks. 

The four strobilae measured respectively 77, 98, 102, 107 mm. 
with a marimiim thickness at about their maddle of 2*5 mm. The 
worms are considerably shrunken, so that when extended the length 
will be considerably more. The segments are at first broader than 
long; as the segments grow older they tend to liecome longer so that 
in segments where the sexual glands are disappearing they are more 
or less square; in older segments they become narrower and longer 
so that ripe segments may reach a length of 3*4 mm. by 1*3 mm. 
broad. 

The scolex is dorso-ventrally flattened and has a transverse diameter 
of 0*3 mm. by 0*2 mm. thick (Fig. 13 A & B). The rostellum is 
prominent and 0*25 mm. broad by O IG mm. thick; it carries 
a double circlet of hooks; although all the hooks are not 
present it is possible to determine that there were 42 on the one 
scolex and on the other. The anterior longer hooks are 0*031 to 
0*035 mm. long from the tip of the blade to the end of the handle; 



Fig. 13 .—Cladotaenia freani sp. nov. Scolex and hooks. (A = lateral view of 
scolex; B = ventral view of scolex; C — anterior large hooks; 
D = posterior smaller hooks.) 


the smaller are 0*024 to 0*028 mm. long between the same points 
(Fig. 13 C and D). In both the blade and handle are more or less 
on the same axis, and in the longer hooks the end of the handle is 
bent upwards and in the smaller hooks it is bent downwards. The 
four suckers are somewhat oval being 0*13 mm. long by 0*107 mm. 
across; in lateral view of the scolex they stand out prominently 
from the scolex itself. There is a short neck, about 0*46 mm. long 
by 0*27 mm. broad; the first segment is only about 0*035 mm. long 
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by about 0*23 mm. broad. The excretory system consists of two pairs 
of longitudinal canals; the ventral canals are situated about 0*35 
mm. from the edge of the segment and have a diameter of 0*04 to 
0*09 mm. and are joined together by a transverse canal at the 
posterior end of each segment. The dorsal excretory canals are very 
small and have a diameter of only about 0 003 mm.; they are thick 
walled and are situated dorso-laterally of the ventral canals on their 
inner side. The genital canals pass between the excretory canals 
and ventral of the nerve cord. 

The nerve cords lie lateral of the excretory canals and about 
0*29 mm. from the edge of the segment. 

The longitudinal muscles are well developed and form a single 
sheet about 0 055 mm. thick; it consists of numerous irregularly 
scattered muscle bundles, each bundle composed of from two to 40 
fibres, about 0*003 to 0 004 mm. thick; the circular muscles are 
represented by a thin sheet just internal of the longitudinal muscles 
and separating the corti(‘al from the medullary parenchyma. 
Transverse and dorso-ventral muscles appear to be very poorly 
developed. The subcuticular parenchyma carries numerous chalk 
bodies about 0*007 mm. in diameter. 

The genital atria alternate irregularly and are situated in the 
anterior half of the segment, at about the junction of the second and 
third sevenths of the segment in mature segments. A deep genital 
atrium about 0*0() mm. deep joins the genital pore to the oijenings 
of the genital canals (Fig. 14). The cirrus 8a(‘ is pyriform, muscular, 



Fig. 14 .—(ladoUwnia freani sp. nov. Mature segment. 


about 0*13 mm. long with a maximum diameter of 0*07 mm. There 
are about 80 to 100 testes but in the contracted segments they are 
so closely packed that it was not i)ossible to determine their number 
with certainty; they are arranged in two longitudinal fields bounded 
externally by the ventral excretory canals and internally by the 
field occupied by the female glands; they extend posteriorly at the 
sides of the ovary to the level of the yolk glands but do not pass 
inwards behind these glands; no testes are present in the field 
immediately anterior of the ovary; they form one or two layers, 
generally only one. The ovary consists of two lobed wings situated 
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in the posterior and ventral portion of the segment; it is rather 
small, being in mature segments at most 0 38 mm. broad; the yolk 
gland is situated immediately behind and in the same plane as the 
ovary and is almost as wide as the ovary. The shell gland is rounded, 
situated behind the ovary but dorsal of the yolk gland. The vagina 
opens into the genital sinus on the same level but behind the orifice 
of the cirrus sac; it passes inwards forming a number of small 
convolutions and then forms an arch which passes into the shell 
gland in the middle of the isthmus joining the two ovarian wings; 
at its distal end it is widened to form a small rese])taculum seminis. 
The uterus (Fig. 15) consists of a medium stem with about 10 to 14 



Fig. L5.— (Jla<h)taenia freani sp. nov. Ripe segment showing uterus. 


lateral branches. The median stem generally does not reach the 
anterior border, but segments where it does extend through the 
segment are not uncommon. The numerous eggs are slightly oval 
and smooth shelled, the shell being only 0 0()15 mm. thick; the egg 
(embryophore) is 0 035 to 0*030 mm. long by 0 032 mm. across, 
the contained embryo has a diameter of 0*02 to 0*021 mm. of the 
hexacanth hooks are 0*007 mm. long. 

Affinities'. —Up to the present four species of Taeniidae have 
been described fi’om birds of prey (Accipitres) namely Cladotne/nia 
arnnigera (Volz, 1900), Cladotaenia cylindracea (Bloch, 1782), Taenia 
heteracantha, Fuhrmann, 1906, and Taenia s.l. hassalTi Fuhrmann, 
1932. A description of the lastnamed is unfortunately not available 
to the writer so that it cannot be compared with the writer’s 
species. Taenia lieteracantha is characterised by having large 
hooks measuring 0*2 and 0*14 mm. long for the large and 
small hooks respectively. Cladotneriia cylindracea is very similar 
to the writer’s species in that testes do not encroach into the ovarian 
field anterior to the ovary, but differs from it in that its testes pass 
posteriorly and meet behind the yolk glands, and because the median 
stem of the uterus in the writer’s species may reach the anterior 
border of the segment. C, armigera differs in that its testes meet 
behind the female glands. 


44 



R. J. ORTLEPP. 


Specific diaynosu .—Taeiiiidae of small size, attaining a length 
of 10*7 cm. with a niaxinmm breadth of 2-5 mm. Seolex small, 
rostelliim with double crown of 42 to 50 small hooks, O Odl to 0 035 
mm. long for the larger and 0 024 to 0*028 mm. long for the smaller, 
(jenital pores irregularly alternate at about the junction of 2nd and 
3rd seventh of segment. About 80 to 100 testes in two longitudinal 
fields lateral of ovarian fields; no testes in fields anterior of ovaries; 
they do not extend backwards beyond anterior level of yolk glands. 
Ovaries relatively small and confined to area between testitmlar field. 
Uterus a median stem with 10-14 lateral branches; median stem 
generally does not extend io anterior border of segment, although it 
may occasionally do so. Eggs numerous; embryophore oval and 
and smootli shelled measuring 0 035 to 0 03() by 0*031 to 0*032 mm. 

Host: Black Eagle Hawk. [? Fteroaeius vevrcainvi (Less).] 

Location : Small intestine. 

Locality: Victoria West, Cape Province. 

Types in Onderstepoort Helminthological Collection. 


Cladotaenia vulturi sp. nov. 

Four fragments of this interesting parasite were available which, 
from the slate of develo])ment of the internal organs, would appear 
to i)resent portions of the same worm. In the oldest segments 
available the genital glands have just disappeared, so that it only 
one worin is represented then it must attain a length considerably 
longer than the total length of the fragments which total 80 mm., 
with a maximum breadth of 1*9 mm. The longest fragment is 38 
mm. long and is provided with a seolex which unfortunately has a 
portion of its anterior face snipped oft, so that the nature of the 
rostellum remains unknown. One small taenoid hook (Pposterior), 
measuring ()*02() mm. in length, was adhering to the seolex, so that 
it appears legitimate to assume that the rostellum was armed. Un¬ 
fortunately during the course of mounting the single hook was lost 
before a drawing of it was made. The remains of the seolex measure 
0*4 mm. across and the somewhat circular suckers have a diameter 
of 0'2 mm. The neck is somehat contracted and is 0*5 mm. long. 

From the toto-mount two large lateral ventral excretory vessels 
can be made out; in mature segments they have a diameter of 0*09 
mm. and are united to each other by a large transverse duct at the 
posterior end of each segment; they were situated 0*26 to ()*29 mm. 
from the edge in mature segments. 

The genital pores alternate irregularly and are situated in the 
anterior quarter of the segment at about the junction of the 1st and 
2nd fifths; they are not raised on a genital papilla and they lead into 
a cup-shaped genital atrium about 0*05 mm. deep by 0 03 mm. 
across. The muvsciilar cirrus sac is pyriform, 0 13 to 0*15 mm. long 
and 0*08 mm. maximum diameter; it does not reach the ventral 
excretory canal (Fig. 16 A & B). The vas deferens after crossing 
the excretory canal becomes intricately coiled and extends straight 
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Fig. 16 .—Cladotaenia vuJturi sp. nov. Mature segments. (A = extended 
segments; B = contracted segment.) 

inwards almost to the midline of the segment. The testes, of which 
there are from 80 to 110, are all situated anterior of the ovary, 
none being present on the lateral or posterior sides of this organ; 
in extended segments (Fig. 16, A) they ar confined to the field limited 
by the widths of the ovaries, the central or uterine area being devoid 
of testes; as in these extended segments the ventral excretory canals 
just skirt the lateral limits of the ovaries and as the testes do not 
extend lateral of these canals it will be seen that the testes become 
confined only to the field anterior of the ovaries/ In segments, 
however, which are contracted (Fig. 16 B) the excretory canals are 
pushed outwards and the same applies to the testes; in these 
segments testes are X)re8ent in the areas lateral of the ovarian fields, 
but no testes are found lateral or posterior of the ovaries themselves. 
This distribution of the testes is a characteristic which is constant in 
all the segments and easily distinguishes this species from the 
proceeding species. 
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The vagina opens into the genital atrium just behind the cirrus 
sac; it forms a gentle curve round the cirrus sac and then extends 
inwards somewhat parellel to the course occupied by the vas deferens; 
on reaching the midline it bends backwards and after being thrown 
into a few prominently staining loops it disappears in the isthmus of 
the ovaries after having formed a small reseptaculum seminis. The 
two-winged ovaries are large and multilobed and are al)out 0*44 mm. 
wide by 0 12 mm. long; the yolk gland is situated behind the ovary 
and is about 0*29 mm. broad by 0 085 mm. long; a small rounded 
to oval shell gland measuring 0 04 to 0*06 mm. across is intercalated 
between the ovaries and shell gland. The median stem of the uterus 
extends forwards to the level of the genital pore or almost to the 
anterior edge of the segment. No fully developed uteri are present, 
but from the i)artially developed uteri it would appear that there 
are about ten lateral branches on either side of the median stem. 

Affinities: The small size of the hooks distinguished this sx)ecies 
from Taenia lieteracantha Fuhrmann (1900) and the distribution of 
the testes distinguishes it from the sj^ecies described above and from 
the sjjecies Cladotaenia arrnigera (Volz, 1900) and C. cylindracea, 
(Bloch, 1782). 


Specific diagnosis. —Taeniidae of small size provided with a small 
scolex and small rostellar hooks, genital atria irregulajly alternate 
and in anterior fifth of segment. Testes number 80 to 110, all 
confined to area anterior of ovaries and do not cross the excretory 
canals; central uterine area of segment devoid of testes. Vagina 
passes down centre of segment and forms few prominent coils; ovaries 
multilobed and large. Uterus with apparently about 10 lateral 
branches on either side. 

Host: Vulture 

Lication : Small intestine. 

Locality: Kruger National Park, Transvaal. 

Type slide in Onderstepoort Helminthological Collection. 

SiiK^e submitting this paper to the press the writer has seen a 
paper by Yamaguti (“ Studies on the Helminth Fauna of Japan. 
Part G. Cestodes of Birds 1.” Jap. Jl. of Zool. Vol. G, pp. 188-282. 
Tokio, 1935) wherein a new species— Cladotaena rirci —is described 
from Circus aeruginosus aeruginosus (L.). In addition a new genus— 
Paracladotaenia —is created for the reception of F. accipitris sp. nov. 
from Accipiter virgatus guJaris (Tenim. and St hi.). The former 
sjjecies differs from C. freani vSj). nov., described above, in having 
smaller hooks (0*018 and 0*024 mm.) and in that the testes meet 
behind the female glands. This latter character also distinguishes 
Yamaguti's species from C. vulturi sp. nov. The genus Paraclado¬ 
taenia differs principally from the genws Cladotaenia in that the testes 
are arranged in two separate groups and not united behind the female 
glands; the uterus extends through the length of the segment; a 
vesicula seminalis interna is present, and rostellar hooks are absent. 
The species C. freani sp. nov. and C, vulturi sp. nov, resemble P. 
accipitris in having two lateral groups of testes and the uterus in 
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some cases extends through the length of the segment. Should addi¬ 
tional material of Yamaguti’s species become available for examina¬ 
tion and this material showed that rostellar hooks are normally 
present in this species and had been lost in the type material, then 
the writer would have no hesitation in assigning his two species to 
the genus Paracladotaenia rather than to the genus Cladotaenia. 

In the above paper Yamaguti also refers to two species of Clado- 
taenui {C, feuta and C faria) described by Meggitt (1938), whose 
descriptions the writer has not been able to consult. The former 
species has no rostellar hooks and has less than 100 testes; the latter 
species has 20 rostellar hooks, 0*000 to 0*007 mm. long, and also has 
about 100 testes. As Yamaguti compares these two species with his 
species Cladotaenia circi^ the w^riter infers that in Meggitt’s species 
the testes are not arranged in two separate groups. 


Summary. 

The writer here describes eight new species of cestodes, three 
from mammals and five from birds; the mammalian species are 
Inermicapsifer leporis sp. n. from a hare, Catenotaeiiia geoscinri sp. 
n. from a suricat. The avian species are RailUetina {Skrjahinia) 
deweti sp. n. from a guinea fowl, Schistometra korhaani sp. n. from 
a bustard, Onderstepoortia faeniaeforrnis gen. and sp. n. from a stone 
curlew, Cladotaenia freatu sp. n. and Cladotaenia vnlivri from birds 
of prey. 
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South African Helminths.—Part IV. 
Cestodes from Columbiformes. 


By li. J. OBTJjEPP, Section of Parasitology, Onderstepoort. 


In 1923 Joyeiix recoided four species of Jiaillietina, one species of 
Aporina, two species of Votuyrna and two species of UymenolepiH 
from five kinds of African pigeons. Le lloux (1927) found two 
species of liaillietina in domestic |.)igeons from Natal, namely liaill, 
(Fuhrni.) crassula (Hud., 1819) and liaill. (Raill.) crassula (Rud.) 
of Clerc, 190G, wliicli species had been renamed liaill. (Raill.) clerci 
by Puhrmann (1920). 

According to Fuhrmann (19^12), 41 species and varieties of 
Cestodes have l)een recorded from Columbiformes. Since this date 
four further species of liaillietina have been described, namely 
Raill. (Raill.) idiogenoides Baer, 1933, from Vina go delalandei, 
Rhodesia; Raill. (Raill.) perple,ra Johri, 1933, from Columba livia 
inter media, India; Raill. (Raill.) taiwwnensis Yamaguti, 1935, from 
Colurnha livui doniestica, Formosa; and Raill. (liaill.) rogeli Hilmy, 
1930 from Vinago eahui sharpii, Liberia. In addition descriptions of 
five further species and one sub-species of Cotugnia have appeared, 
namely C. intermedin Johri, 1934, and C. noetua Johri, 1934, from 
(^olutnba livia interinedia, India; (1. halili Johri, 1934, from Turtur 
.suraten.ns, India; C. meggetti, Yamaguti, 1935 and C. taiwanensis 
Yamaguti, 1935, from Columha livia dinnestiea, Formosa, and C. 
polycantha oligorchis Joy., Baer and Martin, 1936 from Stigmatopelia 
senegalen.sis. Also descriptions of two species of Killigrewia namely 
K. oenopopeliae Yamaguti, 1935, from Oenoj)opeliae tranqueharica 
hum/ilU, and K. streptopeliae Yamaguti, 1935, from Streptopelia 
cfiinenen.si.'^ fornw.^a, both from Formosa. Two earlier described 
species of this genus must be added to these, namely K. frivola 
Meggitt, 1927, which Meggitt described from an unknown host from 
Egypt but which Johri (1934) has obtained from Columha livia inter- 
rn^edia, from India, and K. pairuelae Meggitt, 1927, from Turturoena 
sharpii from Egypt. And finally one species of Hynw.nolepis, H. 
streptopeliae Joyeux and Baer, 1935, from Streptopelia orientalis 
orientalis from Indo-China. This brings the total of cestode species 
and sub-species from Columbiformes up to date, including the four 
new species described below, to fifty-nine. 
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During the last few years the writer has been able to examine 
materials originating from four kinds of pigeons, namely Domestic 
pigeons, Green Fruit pigeons. Laughing doves and Namaqua doves; 
this material was found to comprise five species of Raillietina, three 
of which the writer considers as new and one new species of 
Hymenolepis. 

The writer did not obtain any examples of RaiUetim^^ (Raill.) 
clerci Fuhrmann from domestic pigeons, but he obtained examples of 
a cestode which has some similarity to the above si)ecies but which 
the writer considers to be new; whether this material is identical with 
that which le Iloux (1927) identified as Davainea (liud., 

1819, Clerc 1906 [^RailleUna (Raill,) clercil^ the writer is not in a 
position to say as le Roux gives no data concerning this sj)ecies and 
his material is not available for comparison. 


RailUetiiia (Fnlirinanetta) crassula (Rud., 1819). 

This species was recovered from Domestic pigeons from three 
localities, namely Onderstepoort, City of Rretoria and Grahamstown. 
The writer’s materials show the following characteristics which in 
some aspects differ from the descriptions given by Fuhrmann (1909) 
and Neveu Lemaire (1936). In the following the figures between 
brackets are those given by these two authors. 

The length of the strobilae varies from 199 to 442 m.m. (250 to 
400 mm.) and the breadth is never moie than 2 mm. (4 mm.); the 
hooks number from 120 to 140 (70), the majoiity of scolices carrying 
about 120 hooks; the length of those of tin? anterior row was found to 
be from 0 017 to 0*021 (0*02 mm.) the usual length being 0*02 
mm.; those of the posterior row varied in length from 0*015 to 0*016 
mm. the usual length being 0*016 mm. The breadth of the scolex 
is from 0*246 to 0*38 mm. (0*23 mm.) and the rostellum measures 
0*07 to 0*09 mm.; the armed su(5keis are round to slightlv oval, 
0*087 to 0*91 mm. to 0*096 by 0*126 mm. (0 09 mm.). The cirrus 
sac is from 0*078 to 0 145 mm. long (0*1 mm.) and the testes 
vary in number from 35 to 61 (30 to 40), arranged laterally and 
behind the female glands, about 25 to 4() being aporal; in some 
strobilae they cross the excretory canals. The ovary is multilobate 
and poral ih position. Each ripe segment carries al)out 300 egg- 
capsules which cross the excretory canals and each capsule has from 
two to five eggs (3-4). 

Hosts: Columba livia domestica. 

Location : Small intestine. 

Locality: Transvaal and Cape Eastern Province. 

In addition to the above-described materials two specimens of a 
nearly related, if not cospecific, cestode were obtained from a Laugh¬ 
ing dove [^Stigmatopelia senegalensis aequatomalis (Erl.)] shot in the 
Onderstepoort grounds. These specimens agree in all essentials with 
those described above except that they are much smaller, reaching 
only 84 mm. in length by 1*2 mm. broad, and the end segments 
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contain much fewer egg capsules (65 to 75). Whether these diffe¬ 
rences are of specific importane or whether they are due to different 
host reactions, the writer cannot say; however, in the meantime the 
writer is referring these specimens to the above species and consider¬ 
ing them to be a minor variety. 


Raillietina (Raillietina) colurnhiella sp. nov. 


This species was joresent in fair numbers in five of six domestic 
pigeons shot at Onderstepoort; on two occasions the host also 
harboured (Fullnnanetta) crassula (TIud.). According to 

the state of contraction the total length of (complete strobilae varies 
from 34 to 67 mm. and the breadth by 15 to 2 mm.; the shorter 
strobilae have a lan(*eolate appearance. In all, a striking feature 
is the extreme shortness of the segments compared with their 
breadth ; only the hindmost segments show a tendency to become 
elongate but even in these their breadth is always greater than their 
length. 

The scolex is relatively small and has a transverse diameter of 
0*188 to 0*27 mm.; the four suckers are slightly oval and measure 
0 058 by 0 07 mm. io 0*08 by 0*09 mm.; they are armed with about 
10 rows of numerous hooks, the longest measuring 0*01 mm. long. 
The rostellum has a thickness of 0*12 to 0*18 mm. and carries about 
200 tyj)ically hammer-shaped hooks arranged in two rows; those of 
the anterior row* are from 0*019 to 0*022 mm. long and those of the 
posterior row* 0*016 to 0*018. The base of the rostellum is covered 
by numerous very minute spines. 



The neck may reach a length of 1*75 mm. by 0*2 mm. broad. 
The genital pores are unilateral and situated in the anterior third 
of the segment. The cirruc sac is relatively long and almost reaches 
the excretory (;anal but in some cases may partially lie over it; it 
is from 0*16 to 0*23 mm. long by 0*05 to 0*087 mm. thick; its 
wall is not very muscular (Fig. 1); the cirrus sac is armed with 
minute spines w^hich appear to be limited to its distal half. A 
vesicula semiiialis interna is present and the vas deferens is much 
coiled. The testes number from 11 to 13, are round and have a 
diameter of 0*063 to 0*077 mm. The ovary is tw’o lobed and slightly 
crenated and occupies about the central fifth of each segment; the 
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yolk gland is oval and about one-third the size of the ovary. There 
are about 50 to 80 egg capsules to each segment and these cross the 
excretory canals laterally; each capsule has from four to eight eggs. 

Affiyiities.—Raillietina (Raill.) taiwaiiensis Yamaguti, 1935, 
possesses circa 200 rostellar hooks, about 0 02 mm. long and has 
testes approaching in number those of the species described above. 
R. (R.) insignis (Steudner, 1877) and R, (R.) nagpurensis Moghe, 
1925 also have rostellar hooks of about the same size and number 
but have more testes (20 to 25 and 19 to 22 respectively). The 
writer’s species can be distinguished from Yamaguti’s species in 
that the latter has no spiny collar round the base of the rostellum 
and the cirrus sac is much smaller. 

Raill. (R^) clerci Fuhrmaim, differs from the writer’s species in 
having numerous rostellar hooks (400?) which are much smaller 
(0*01 mm.); it has about 20 testes and the egg capsules do not cross 
the excretory canals. 

Specific diagnosis. —Davaiiieidae which may reach a length of 
about 70 mm. by 2 mm. broad ; and with segments much broader 
than long. Rostellum carries (drca 200 hooks in two rows, those of 
the anterior row being 0 019 to 0*022 mm. long and those of the 
posterior row 0*016 to 0*018 mm. long. Suckers armed and base of 
rostellum covered with numerous minute spines, (ienital i)ores uni¬ 
lateral. Cirrus sac up to 0*23 mm. in length and reaches the 
excretory canals, Vesicula seminalis interna present. Testes 11 to 
13. Ovary two-lobed. Eggcapsules 50 to 80, crossing excretory 
canals and each contains four to eight eggs. 

Host: Columba livia doniestira. 

Location: Small intestine. 

Locality: Onderstepoort, Transvaal. 

Types in the Onderstepoort Helminthological Collection. 


Raillietma {Radhetina) johnri sp. n. 

Syn. Raillietina (Raill.) polycludix Kotlan ,1920, Johri, 1934. 

Not Raillietina (Raill.) poiychalix Kotlan 1920. 

In 1934 Johri reported the species Raillietina (Raillietina 
polychalix Hotlan, 1920, from Colnmha) livia domestica and 
Psittacula krameri manillensis; the material from the iormer host 
differed from the latter in having a greater number of rostellar hooks 
(324 against 190), which are smaller (0*011 and 0*014 mm. against 
0*0135 and 0*019 mm.), fewer testes (eight to nine against nine to 
eleven), larger cirrus sae (0*125 to 0*13 mm. against 0*061 mm.) 
and fewer egg capsules (30 to 40 against 48). Johri considers these 
differences not to be of sufficient weight to warrant the separation of 
these materials into different species! The writer, however, does not 
support this view and he considers that the great disparity in the 
number of rostellar hooks and sizes of the cirrus sac definitely show 
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that these materials are not cospecitic. Besides it is highly improb¬ 
able that the same species of cestode would occur in such widely 
dift'ering groujjs (Columbiformes and Psittaciformes). The writer has 
much j)ieasure in naming this species after its discoverer. 

Affinities .—This species appears to be closely related to if not 
cospecific with Raillietina (Raill.) spiralis Baczynska, 1914, from 
Columba sp. New Guinea. From the data available Baczynska’s 
species would appear to have the same number of rostellar hooks (300) 
which are only slightly longer (0 0156 mm.), the scolex has about 
the same size (0 224 mm.), the cirrus sac is only slightly smaller 
(0-101 mm), the testes are slightly fewer (six to seven) and the egg 
capsules each contain four to six eggs. However, since the writer 
is not able to make a personal comparison between Johri's and 
Baczynska’s materials he considers it advisable in the meantime to 
treat those materials as representing distinct species. 

Host: Columba livia domestica, 

Locality: Lucknow, India. 


Raillietina (Raillietina) vinagoi sp. n. 

This species, represented by several complete specimens froin 
two Green Pigeons, has a total length of 115 to 123 mm. by 1*5 to 
2 mm. broad. 

The scolex measures 0 48 to 0*52 mm. across. The rostellum 
measures 0 085 mm. across and carries a double row of small 
hammer-shaped hooks; these number about 350. Their sizes are 
0*017 and 0-014 for those of the anterior and posterior rows 
respectively. The suckers are somewhat rounded and armed and 
have a diameter of 0*075 mm. The neck is about 1 0 mm. long by 
0 116 mm. broad. 



Fig. 2.— liaill. (Baill.) vinagoi sp. nov. Mature segment. 

The genital pores are unilateral and in contracted segments they 
are situated in the anterior third of the segment; in well extended 
segments their j) 08 ition is at the junction of the second and last 
thirds of the segments (Fig. 2). The cirrus sac is large and prominent 
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and varies in shape from oval to flask-shaped; it is from 0 • 165 to 
0*18 mm. long by 0 093 to 0 102 inm. in diameter. A vesicula 
seminalis interna is present and the vas deferens is densely coiled. 
There are generally from 18 to 24 testes to each segment of which 
five to eight are poral in position; exceptionally, however, as many 
as 30 testes are present; in some segments they are arranged in a 
semi-circle, lateral and behind the female glands whereas in others 
they form two lateral groups separated by the female glands. The 
vagina opens behind the cirrus sac and enters the genital atrium at 
an angle; its distal portion is pear-shaped with a relatively large 
lumen and is surrounded by circular muscle fibres which give this 
portion a hooped appearance. The ovary is centrally placed and 
multibolebd and large and measures about 0*25 mm. long by 0 2 mm. 
broad; the vitelline gland is roughly oval measuring about 0 12 
mm. long by 0 075 mm. broad. The egg capsules fill the whole 
segment, but do not extend beyond the excretory canals; each seg¬ 
ment cairies 50 to 55 capsules and each capsule has three to ten eggs. 

—The only Raillietina (RailUetina) sp. from Columbi- 
formes having 300 or more rostellar hooks which are more than 0*01 
mm. but less than 0*02 mm. long, and possessing more than 20 
testes is Raillietina (Raill.) perplexa Johri, 1933 and the species 
described above; Johri’s species differs from the writer’s in possess¬ 
ing a larger scolex (0*35 mm.), larger rostellum (0*183 mm.) with 
collar of numerous spines, the cirrus sac is only about half the size 
(0*087 to 0*97 mm.), and the testes are relatively more (26 to 28). 

Specific Diagnosis, —Davaineidae possessing about 350 rostellar 
hooks measuring 0*017 and *014 mm.; genital pores unilateral; 
(drrus sac large, oval or flask-shaped up to 0*18 mm. long; vesicula 
seminalis interna present; testes usually 18 to 24 in number, excep¬ 
tionally reaching 30; they either form a semi-circle round female 
glands or are arranged in two groups with five to eight testes poral. 
Distal portion of vagina large, muscular and pear-shaped with large 
lumen; ovary multilobed; 50 to 55 egg (\apsules to each segment, 
not passing over excretory ducts; each capsule with tliiee to ten eggs. 

Host: Vi7iago delalaiidei delalandei (Bp.). 

Location : Small intestine. 

Locality: Transvaal and Natal. 

Types in the Onderstepoort Helminthological Collection. 


Raillietina (Raillietina) delalandei sp. nov. 

This delicate cestode reaches a length of 78 mm. by 0*36 to 0*48 
mm. broad; the scolex has a breadth of 0*16 mm. and its rostellum 
has a diameter of 0*08 to 0*085 mm. The hooks are numerous and 
arranged in two rows; their total number appears to be between 600 
and 700 and their length is 0*01 and 0*011 mm. The suckers are 
rounded and about 0*07 mm. across and each is heavily armed, the 
largest spines reaching 0*014 mm. in length. The neck varies in 
length from 0*58 to 0*76 mm. and is about 0*085 mm. broad. 
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The genital pores are unilateral and their position varies accord¬ 
ing to the state of contraction of the segment; generally they are 
situated just anterior to the middle of the segments (Fig. 3). The 
cirrus sac and distal portion of the vagina are similar to those seen 
in the preceding species except that they are smaller; the cirrus sac 
is from 0*11 to 0 12 mm. long by 0 063 mm. wide and the cirrus 
is spined. There are 12 to 15 rounded testes of which about six are 
poral and the remainder aporal in position; sometimes, especially 
in young segments, these two groups are joined to each other by one 
or two testes situated behind the female glands. The ovary consists 
of two almost circular wings, each about 0 06 mm. in diameters, and 
is centrally plaried; their outlines is generally smooth but they may 
be slightly lobate. The circular to oval yolk gland lies immediately 
behind the ovary between its two wings; its diameter is from 0*06 
to 0 ()72 mm. There are 20 to 25 egg capsules to each segment, each 
containing six to ten eggs; they do not extend beyond the excretory 
canals. 



Fig. S.—liailL (l^ailL) delalandei sp. nov. Young segment. 


Affinities .—The size of the rostellar and sucker hooks and number 
of tesies allies this species to Raill. (R.) gendrei Joyeux, 1923, from 
Vinago calea, French Guinea; it, however, differs from this species 
in having about three times as many rostellar hooks, only about one- 
fifth the number of egg capsules per segment and tlie cirrus sac is 
smaller. It ai)pears to have its closest relatives in RaiU. (R.) vinagoi 
sp. nov. described above and Raill. (R.) (derci Fuhrmann, 1920. 
It is easily distinguished from the former species by its smaller size 
and greater number of rostellar hooks which are much smaller; it 
differs from the latter species by its much smaller size, smaller spines 
on the suckers and nnich smaller cirrus sac. 

Specific Diagnosis. —Davaineidae reaching a length of at least 
78 mm. and provided with a rostellum carrying numerous (600 to 
700) small hooks, 0 01 to 0*011 mm. long and arranged in two rows; 
suckers armed with large spines reaching 0*014 mm. in length. 
Genital pores unilateral, generally just in front of middle of segment; 
12 to 15 testes arranged in a poral group of about six and rest aporal; 
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in young segments testes also behind female glands; cirrus sac O il 
to 0 12 mm. long; 20 to 25 egg capsules to each ripe segment, each 
containing six to ten eggs; they do not extend beyond the excretory 
canals. 

Host: Vinago delalandei delalandei (Bp.). 

Location : Small intestine. 

Locality: Natal South Africa. 

Types in the Onderstepoort Helminthological Collection. 


Raillietina (Raillietiiia) vogeli Helmy, 1936. 


Several fragments of this species were available; these consisted 
of two scolices with portions of strobila and several portions wdth 
mature to ripe segments. The one scolex appears to possess all its 
rostellar hooks, but the other has lost them all; in both cases no 
hooks are. present on the suckers. 

The rbstellar hooks number between 150 and 200 and are 
arranged in two rows; they measure 0035 and 0 037 mm. in length. 
The scolices have a transverse diameter of 0-458 and 0 47 mm. and 
the suckers are rounded and measure from 0 165 to 0*174 mm. in 
diameter. The neck is‘ about 1*5 mm. long by about 0*29 mm. 
broad. 

The genital pores are unilateral and are situated in the anterior 
third of the segment. There are from 16 to 22 testes, of which four 
to six are poral in position ; generally the poral and aporal testes 
form two separated groups lateral of the female glands but in some 
segments these groups may be united by one or two testes posterior 
of the female glands. The ovary is somewhat centrally placed and 
rounded and the vitelline gland is found behind it somewhat towards 
the aporal side. There are from 70 to 90 egg capsules, each contain¬ 
ing three to six eggs. 

Host: Vinago delalandei delalandei (Bp.). 

Location: Small intestine. 

Locality: Natal South Africa. 

This species has been referred to Helmy’s species because of 
the similarity in the size and number of rostellar hooks and because 
the material was collected from an African green fruit pigeon of the 
genus Vinago, Helmy was unfortunately not able to give an account 
of the male and female glands as his material was immature. The 
writer’s material appears to differ from Helmy’s in possessing a 
larger scolex and rostellum. 

The only other species of Raillietma (RailL) from Columbi- 
formes whose hooks approach in size those of the writer’s material 
is R, (R.) fuhrmanni (Southwell, 1922); the hooks of this species 
are, however, smaller (0*025 to 0*03 mm.), less in number (110) and 
the testes are also fewer (about 12). 
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Hyinenoleins oena sp. nov. 

This species was recovered from three of the Nainaqua pigeons 
shot in the Onderstepoort grounds; one of the pigeons harboured 
four specimens. The worms vary in length from 76 to 94 mm. with 
a maximum breadth of 16 toJ-9 nim. towards their posterior ends. 
All the segments are much nroader than long, mature segments 
reaching a length of 0 22 mm. by 0*89 mm. broad; ripe segments 
reach a length of 0*34 mm. by nearly 2 mm. broad. 

The scolex (Fig. 4a) is small and somewhat si)indle-shaped and 
measures from 0*10 to 0*24 across, and the four unarmed suckers 
are slightly oval being 0*086 to 0*09 mm. across by 0*1 to 0*12 mm. 
long. The rostellum is partially retracted in all the specimens but 
the extruded portion has the shape of a truncated cone with a basal 
thickness of 0*098 to 0*108 mm. and an apical diameter of 0*035 
mm. ; the rostellar sac is large and extends beyond the posterior level 
of the suckers being about 0*3 mm. long. There are 10 rostellar 
hooks arranged in a single circle; they are from 0*041 to 0*045 mm. 
long, and the blade, which has a length of aboiii 0*015 mm., lies in 
a straight line with the handle (Fig. 4b). The neck varies in length 
from 0*58 to 0*75 mm. by 0*087 to 0*1 itim. broad. 



Fig. 4 .—11 nmenoUrpis oenai sj). nov. A. Scolex. B. Rostellar liook. 

The genital pores are unilateral and are situated in the anterior 
quarter of the segmenl; they are not prominent. The cirrus sac is 
tubular to club-shaped, extends across the excretory canals and may 
pass slightly beyond the poral iestis; it is from 0*2 to 0*25 mm. 
long with a maximum thickness in its proximal third of 0*072 mm. 
The cirrus appears to be unarmed and has a thickness of 0*012 to 
0*015 mm. and reaches a length of 0*06 mm. when extruded. The 
three testes are arranged in a triangle, one poral and two aporal; 
the anterior aporal testis is situated slightly nearer the midline and 
is also generally smaller than that behind it; the poral testis is 
generally rounded with a diameter of 0*077 to 0*08 mm. while the 
aporal testes are getierally oval, measuring about 0*1 by 0*05 mm. 
and 0*08 by 0*035 mm. for the posterior and anterior testes respec¬ 
tively. The ovary is centrally placed and at first consists of two 
wings forming an open and inverted Y; as it matures it becomes 
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slightly lobulated and assumes an irregularly rounded appearance 
when it measures about 0 15 mm. across. The yolk gland is an 
irregular oval, 0 05 to 0*050 mm. across, and lies between the two 
ovarian wings. The whole of the vagina is thin walled and in the 
older segments, especially those in which the genital glands have 
disappeared, its inner portion becomes very much enlarged to form 
a large receptaculum seminis reaching a length of 0*3 mm. by 0*15 
mm. thick. The uterus arises as a transverse tube ventral of the 
ovary; as it enlarges it becomes sacculated and in ripe segments it 
fills almost the whole segment up to its lateral margins. The 
numerous eggs have three shells of which the middle is thickened 
to form an egg-shell; the outer shell is irregularly shaped but when 
rounded has a diameter of 0*045 to 0*048 mm.; the middle shell has 
a diameter of 0*03 to 0*033 mm.; the innermost shell closely 
surrounds the rounded embryo which measures 0*015 mm. 

Ajjlnities, —0ns species of this genus, namely //. Columbia 
Fuhrm., 1909, has been described from this host, but the nature of 
the scolex and hooks of this species are quite dilferent from those 
described above. The shape of the hooks shows some similarity to 
those of H. serrata, Fuhrm., 1900 and //. ,streptopeliae Joyeux & Baer, 
1935, in the former species the hooks are fewer (8) and their size is 
more than twice that of the writer’s species, and in the latter the 
strobila is much longer and wider and the hooks are smaller (0*03 
mm.). 

Specific Diagnosis. —Hymenolepidinae which may reach a 
length of about 100 mm. by 2 mm. broad. All sgments much 
broader than long. Scolex spindle-shaped and small. Rostelliim 
well developed with large rostellar sac extending posterior of level 
of suckers. Ten rostellar hooks, 0*041 to 0*045 mm. long, the 
handle and blade forming almost a straight line. Genital pores 
in anterior quarter of segment. One })oral and two aporal testes. 
Cirrus sac tubular to club-shaped and may extend beyond poral 
testis. Ovary median, lobulate. Uterus fills up whole segment. 
Eggs three shelled. 

Host: Oena capensis (L.). 

Location : Small intestine. 

Locality: Onderstepoort, Transvaal. 

Types in the Onderstepoort Helminthological Collection. 


Summary. 

The writer records the following species from four species 
of South African pigeons: Raillietina (Fuhrjrianetta) crassula 
(Rud. 1819) from Columha Uvia domestica and Stigmatopelia 
senegalensis aequatorialis, Raillietina (Raillietina) columhiella sp. 
nov. from Columha Uvia domestica; Railliteina (Raillietina) 
vinagoif sp. nov., Raillietina (Raillietina) delalandei sp. nov. and 
Raillietina (Railliteina) vogeli Hilmy, 1936 from Vinago delalan¬ 
dei delalandei; and Hymenolepis aenai sp. nov. from Oena 
capensis. 
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In addition the species identified by Johri (1934) as Raillietina 
(RaiUietma) polychalix Koltan, 1920 from an Indian domestic 
pigeon is considered by the writer as a new species and is named 
RaillieAma (Raillietina) johri. 
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South African Helminths.—Part V. 


Some Avian and Mammalian Helminths. 

By R. J. ORTLEPP, Section of Parasitology, Onderstepoort. 


In the ensuing pages some helminths are described and discussed 
which were recovered from six species of birds and three species of 
mammals. Of particular interest is the multiple infection encoun¬ 
tered in the Reed Cormorants and (xiant Bustard; in one case of the 
former seven different kinds of worms were present, namely 
Prosthogonimus cuneatus (Rud., 1809), Ilarvardia sandgrouruli 
Baer, 1932 and Parphostoiivunh radiaUim Duj., 1845 (Trematoda); 
Ligula intestinaJis liinn., 1758, Paradilepsis delachauxi (Fuhrm., 
1909) and Ilyrnenolepu cormoranti sp. n. (Cestoda); and the nema¬ 
tode Confracaecum carlislei sp. nov. The Giant Bustard harboured 
eight different worm species, the majority of which appear to be new 
to science; these helminths were Schistometra conoideis (Bloch, 1782), 
Schistometra sp., Idiogenes kori, sp. nov. and Idiogenes kolbei sp. 
nov. ((Cestoda) and Suhulura otidis sp. nov., Acuaria^ seinei sp. nov., 
Histioceplialus choriotidis sp. nov. and two immature female speci¬ 
mens of a Hahronema sp. (Nematoda). 


Class TREMATODA. 

Prosthogonimus cuneatus (Rud., 1809). 

On opening up the cloaca of a Reed Cormorant under water 
a single specimen of this species floated out into the water; in con¬ 
sequence it is not x^essible to say whether its location was the bursa 
fabricii or the cloaca. 

The species is tentatively referred to the above species because 
from the mounted specimen (Fig. 1) no character was observed by 
which it could be differentiated from Rudolph’s species. In the 
impressed condition the total length is 2-5 mm. and the maximum 
breadth 1*7 mm., the oral sucker has a diameter of 0 31 mm. and 
the ventral sucker measures 0 68 mm. across. The much convoluted 
uterus is packed with numerous eggs of which about half are 
brownish and appear to be mature. 
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Fig. 1.— Pr'osthogoriimus cuneatus. Ventral view of toto mount. 

As far as the writer could ascertain this is the first record of a 
member of this genus from the Union. 

Host: Microcarho africana africanoides (A. Smith). 

Li cation: Cloaca (? Bursa fabricii). 

Locality: Pretoria district. 


Class CESTODA. 

Lignla intestinalis Linneus, 1758 

Two of three Heed Cormorants yielded four and two adult 
specimens respectively; they were allowed to die in cold water and 
were then fixed in cold 70 per cent, alcohol-glycerine with slight 
stretching ;* the two largest specimens measured 225 and 240 mm. in 
length with a maximum breadth of 5 and 5 5 mm. respectively. 
The anterior portion for a length of 25 to 35 mm. is very muscular 
and its lateral margins are provided with about 45 serrations on 
either side. These help to keep the worm in position and this por¬ 
tion may be compared to a inetascolex, in that, although a scolex is 
present, it and its bothridial grooves are so small that it is doubtful 
whether they play any part as an organ for attachment. In trans¬ 
verse sections of the ‘‘ inetascolex it is seen that the musculature 
is very well developed consisting of numerous bundles of longitu¬ 
dinal muscles arranged in 7 to 10 layers separated by sheets ol 
transverse muscles; these sheets run more or less parellel to each 
other but they may join up to others immediately adjacent; the 
individual bundles are for the most part separated from each other 
by bundles of well developed dorso-ventral muscles. This extensive 
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development of these muscles has caused the medulla to be repre¬ 
sented by only a thin layer of parenchyma. Genital organs are 
present only in the posterior fifth of the “ metascolex ” and here 
two tocostomes, one in front of the other, are present opposite each 
lateral serration. In the remaining portion of the strol)ila, which 
becomes narrower posteriorly, the musculature is arranged some¬ 
what similarly except that its degree of development decreases, until 
in the posteriormost portion bundles appear to be absent and only 
isolated fibres are found. 

The genitalia are similar to those described by Baer (1933). 
The eggs are operculate and measure 0 052 to 0 00 by 0*047 to 
0*05 mm. 

Host: Micracarho af vie ana africanoides (A. Smith). 

Location : Small intestine. 

Locality: Pretoria district. 

The writer is tentatively referring to this species some plero- 
cercoids recovered from the body cavity of a fresh water fish, 
Engraulicypris vdiitei —collected from the Hartebeestpoort Dam by 
Miss Doreen Stewart of the Zoological Department, University of 
the Witwatersrand and placed at the writer^s disposal for determi¬ 
nation. These larvae vary in length from 20 to 30 mm. with a 
maximum breadth of 4 mm. Developing genitalia are present in 
their posterior two-thirds. 


Raillietina (S.L.) thryonomysi sp. nov. 

This species, collected from a Cane Bat, was represented by 
about half a dozen specimens all of which were unfortunately 
immature; they were from 9*5 to 16 mm. long with a maximum 
thickness of 0*5 to 0*6 mm. and consisted of a head, neck and from 
64 to 114 segments. 

A. 


B. 

tr 

Fig. 2. —liaillietina (S.L.) thryonomysi sp. nov. A = scolex; B = hook. 

The scolex (Fig. 2a) is prominent and measures from 0*42 to 
0*48 mm. across; the suckers are rounded and unarmed and have 
a diameter of 0 115 to 0*12 mm. The rostellum is retracted in all 
cases and measures 0*18 to 0*192 mm. across; it carries a double 
row of about 100 typical hooks (Fig. 2b), the hooks of the anterior 
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and posterior rows measuring respectively 0-04 and 0 036 mm. in 
'length. The base of the rostellum is covered by innumerable small 
spines; the fact that these spines and rostellar hooks are present on 
all the scolices makes the absence of spines from the suckers appear 
to be a normal occurrence and not due to their loss. The neck is 
fairly long and may reach 1() mm. in length; its breadth varies 
from 0*228 to 0*252 mm. 

The genital pores are unilateral and situated in the anterior 
quarter of the segment. The ciriais sac is somewhat pear-shaped 
and reaches 0*12 mm. in length by 0*066 mm. thick; it crosses the 
ventral excretory canal (Fig. 3). There are about 50 to 60 rounded 
testes of which 15 to 20 are poral in position and the rest aporal; 
they are from 0*03 to 0*039 mm. in diameter; the area between 
these testicular groups is occupied by the somewhat centrally placed 
female glands, which in the material available, have not yet attained 
maturity. The oldest segment are 0*516 mm. broad by 0*168 mm. 
long to 0*6 mm. broad by 0*216 mm. long. 



Fig. 3 .—Baillietiim (S.L.) thryonomysi sp. nov. Segment showing male 
genitalia. 

—The fairly large rostellar hooks, the collar of 
rostellar spines, the unarmed suckers and unilateral genital pores 
suggest that these parasites belong to the genus Houttuynia 
Fuhrmann, 1920. The absence of frayed endings to the handle of 
the hooks, the somewhat central position of the female glands, the 
presence of a cirrus sao which crosses the excretory canal and 
because of the lack of ripe segments showing the nature of the egg 
capsules has caused the writer to refer his material to the genus 
RaiUietina Fuhrmann 1920 (S.L). 

Among the mammalian forms of Davaineinae there is no species 
which combines the charcters enumerated above, and although the 
material is immature the writer thinks that the characters shown 
are sufficient to w^arrant the creation of a new species for its reception. 

Specific diagnosis .—Davaineinae having a fairly large head, 
unarmed stickers, about 100 rostellar hooks arranged in tw’^o circles, 
anterior hooks 0*04 and posterior hooks 0*036 mm. long. Neck 
present, genital pores unilateral; cirrus sac crosses the ventral 
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excretory canal; about 50 to 60 testes arranged in an aporal group 
and a poral group of 15 to 20 testes; between them the centrally 
placed female glands. 

Host: Thryonomys swinderimius vanegatiis Ptrs. 

Location: Small intestine. 

Locality: Zululand, Natal. 

Types in the Onderstepoort Helminthological Collection. 


Idiogenes kori sp. nov. 

About 50 specimens of this species were collected from the small 
intestine of a Giant Bustard ; the acephalus strobilae vary in length 
from 7 mm. to 60 mm. with a maximum thickness of 0*72 mm. 
towards their posterior extremity. The strobilae are thin and deli¬ 
cate and in most cases are semitransparent. The anterior segments, 
of which at least eight are involved, are modified to form a 
pseudoscolex (Fig. 4); in these the segments are tent-shaped with 



Fig. 4 .—Idiogenes kori sp. nov. Pseudosoolives. 

their posterior margin standing away in an angle from the axis of 
the strobila and having this margin deeply indented in its middorsal 
and midventral lines; these indentations are less marked towards the 
posterior end of the pseudoscolex. In two strobilae, which w’ere 
composed of 120 an 170 strobilae each, the genital organs appeared 
in the following segments respectively:—first genital primordia in 
50th and 72nd segment; 1st ovarian primordia in 85th and 100th 
segment; mature segments in 98th to 104th and 130th and 137th 
segments; 1st appearance of paruterine organs in 112th and 146th 
segments and the last few segments of each strobila appeared to 
have fully formed paruterine organs, these organs reaching a length 
of 0*3 mm. by 0 19 mm. wide; no eggs however, had, entered 
these organs. 
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The j^enital pores are non-protuberant and are situated at the 
junction of the first and second body thirds. The cirrus sac is larg’e, 
long and club-shaped (Fig. 5) and generally it extends obliguely 
inwards and forwards to reach the midline of the anterior margin 
of the segment; its wall consists of only a thin muscular sheath, 



and its length varies from ()*27 to 0-3 mm. by 0 07 to 0 078 mm. 
in diameter. A bunch of retractor muscles are aUached to its ante¬ 
rior apex. The cirrus is massive and when fully exerted it reaches 
a length of 0 198 mm. and its base has a thickness of 0*039 mm. 
it is densely covered with prominent needle-like spines directed 
inwards; the spines being from 0*015 to 0*018 mm. long. When the 
cirrus is retracted the vas deferens is thrown into loops inside the 
cirrus sac, but when the cirrus is exerted the vas deferens is more 
or less straight; a vesicula seminalis interna aiipears to be absent. 
The testes, of which there are from 12 to 15 in each segment, are all 
situated behind the ovary; they are arranged in two layers in the 
medulla, and are rounded with a diameter of O OG mm. The vagina 
opens to the exterior immediately ventral of the cirrus pouch; it 
is practically straight with only its inner tip bent backwards; it is 
massive, having a maximum thickness of 0*045 mm. near its external 
orifice and being about 0*03 mm. thick at its proximal end; the 
whole length of its lumen is lined by prominent inwardly directed 
spines. The two rounded ovarian lobes are placed one on either 
side of the midline in about the centre of the segment, the aporal 
lobe is generally slightlj^ larger than the poral; their outline is 
generally smooth, but in some cases their edge appears slightly 
crenated; their diameters are about 0 *09 and 0 *11 mm .for the poral 
and aporal lobes respectively. A rounded and centrally placed 
receptaculum seminis is present. The vitelline gland lies imme¬ 
diately behind the receptaculum seminis; it is rounded to slightly 
oval, and its diameter is only slightly greater than that of the 
testes. The uterus first makes its appearance as a transverse tube 
behind the ovary; it rapidly becomes TT-shaped but this shape is 
not apparent in older segments, because with the development of the 
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paruteriiie organ, this org'aii presses on the anterior face of the uterus 
causing it to appear to consist of two isolated bags, one on either 
side of the paruterine organ ; in no segment were there any eggs seen 
inside the paruterine organ. As the oldest segments available con¬ 
tained no mature eggs, it would appear as if they only ripen after 
detachment of the segments and also only then entered the paruterine 
organ. 

Affinities. —Three species of this genus have so far been 
described from otidiform birds; these are 1. grandiporus Cholod- 
kovsky, 1905, /. 7iana Fuhrmanii, 1925 and /. otidis Krabbe, 1867. 
The former species differs from the writer’s in that it normally 
carries a scolex in the adult, the number of testes is greater (30) and 
the genital ducts open into a large and conspicuous cloaca. 
Fuhrmann’s si)ecies differs in being much smaller (less than 10 mm. 
long), the pseudoscolex is formed of the first five segments, the 
testes are fewer (9-11) and the vagina is much longer, thinner and 
coiled. The above described species has its closeset relative in Z. 
otidis, which species differs from it, however, by its thinner and 
(*oiled vagina wdiich from the figures available, is also unarmed; 
in that the pseudoscolex is formed of the first four segments and in 
that the cirrus sac is much shorter in length (0 15 mm.). 

Specific duignosis. —Idiogeninae reaching a length of 60 mm.; 
scolex absent in adult and repla(*ed by a pseudos(*olex formed by at 
least the anterior eight segments. Genital pores unilateral; cirrus 
large, up to 0*3 mm. long; cirrus massive and densely covered by 
large spines; 12 to 15 rounded testes in posterior half of segment. 
Vagina massive and straight, its lumen lined by strong spines 
Ovarian lobes rounded, centrally placed on either side of midline. 
Uterus an inverted TJ, but pressure of parutenine organ on its 
anterior face causes it later to appear as two bags lateral of this 
organ. 

Host: Chorwtis kori (Burch.). 

Location : Small intestine. 

Local it g : Northern Transvaal. 

Types in the Onderstepoort Helminthological Collection. 


Scolex of Idiogenes kori. 

The writer is also tentatively referring to the'above species six 
small strobilae carrying scolices, which were also present among the 
materials of the above described species. The longest strobila 
(Fig. 6b) is 1-8 mm. long, carries a scolex, 17 segments and a caudal 
appendage nearly half the length of the entire strobila; the other 
five strobilae are similar, only smaller and have less segments. In 
the figured strobila it appears as if the 3rd to 8th segments are 
beginning to assume the shape of the segments of the pseudoscolex, 
and if this is the case then either the 1st and 2nd segments, which 
in this strobila are not yet fully dilineated, are shed with the scolex, 
or else they only assume the characteristic shape of those l of the 
pseudoscolex at a later period. 
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The scolex, which is very similar to that described for the next 
species, is roughly acorn-shaped, the acorn being represented by the 
large rostellum which is separated from the scolex proper by a 
constriction. The rostellum has a diameter of 0*174 to 0*21 mm. and 
carries a double crown of 44 to 50 hammer-shaped hooks (Fig. 6b) 
of which those of the anterior row are 0*046 to 0*048 mm. long and 
those of the posterior row 0*036 mm. long. The axis of the blade of 
the longer hooks forms an obtuse angle with the axis of the handle, 
whereas in the smaller hooks these axes form roughly a right angle. 
The whole rostellum, posterior of its hooks, is covered by innumerable 
minute spines. The scolex has a diameter across the suckers of 0*24 
to 0*3 mm. and the four somewhat spherical suckers are unarmed 
and protuberant and have a diameter of 0*09 to 0*102 mm. The neck 
varies in length from 0-3 to 0*36 mm. and has a breath of 0*102 to 
0*19 mm. 



Fig. 6 .—Idiogenes kori sp. nov. A = young strobila with scolex; B = hooks. 

The shape of the scolex, the presence of hammer-shaped rostellar 
hooks, and collar of minute spines round the rostellum, the 
protuberant suckers, presence of a caudal appendage, and differentia¬ 
tion of the' anterior segments, all these characters are very similar to 
those of the larval stages of /. Tiana figured by Fuhrmann (1925); 
also the scolex is very similar to that described for the next species 
and that figured by Cholodokovsky (1905) for 7. grandiporus. In 
consequence of these similarities the writer is fairly confident that 
these small strobilae are very young stages of the species described 
above; this view is further supported by the fact that all the other 
cestode species harboured by this host had their scolices, so that 
these scolices had either to belong to the species described above or 
belong to a different species of cestode with which this host had 
only recently become infected. 
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Should further material prove that the view expressed above is 
correct, then the size and shape of the rostellar hooks would 
definitely show that this sjiecies is different to all the hitherto 
described species of this genus. 


Idiogeries kolhei sp. nov. 

From the same host which harboured the preceding species aboiit 
60 specimens of the above species were recovered; on examination it 
was noted that about 20 of these still carried theiir heads, but most 
of them had partially or completely lost their hooks; those without 
heads showed no signs of pseiidoscolex and a cursory examination 
easily showed that their scolices had been separated and lost during 
collection. 

The strobilae vary considerably in length, the longest reaching 
a length of 32 mm. with a maximum breadth of 0*54 mm.; they 
taper considerably towards their anterior ends and, in those specimens 
which are well extended, the strobilae are semi-transparent. 




Fig. 8 .—Idiogenes kolhei sp. nov. Hooks. 
Fig. 7 .—Idiogenes kolhei sp nov. Scolex. 


The head (Fig. 7) is very similar in shape to that described tor 
the preceding species; across the suckers its breadth varies from 
0*22 to 0*27 mm.; the rostellum, when fully exerted is prominent, 
0*12 to 0*16 mm. thick and carries a double crown of typical hammer- 
shaped hooks (Fig. 8); these hooks appear to vary in number trom 
120 to 140 and the larger ones measure ()*015 to 0*016 mm. in length 
and the smaller ones 0*012 to 0*013 mm. The suckers are relatively 
small, unarmed and rounded and have a diameter of 0*06 to 0*078. 
As in the preceding species the base of the rostellum is covered by 
innumerable minute spines. A short neck is present, from 0*15 to 
0*21 mm, long by 0‘114 to 0*132 mm. broad. 
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The longest strobila (32 mm.) consisted of 153 segments, but the 
most segments (183) were encountered in a strobila 31 mm. long. 
In two strobilae 31 and 24 mm. long with 176 and 150 segments each 
the organs appeared in the following segments respectively: first 
appearance of genital primordium 58th and 70th segment; first 
appearance of ovary 100th and 92nd segment; mature segments 125 
to 133 and 112 to 121; first appearance of paruterine organ 141st and 
132nd segment; mature eggs in 17l8t to 176th segments and 146th to 
150th segments. No strobila carried mature segments in which the 
eggs had entered the paruterine organ. 

The unilateral genital pores are situated in the anterior half of 
the segment, generally at about the junction of the first and second 
thirds; as a rule they are very prominent (Fig. 9a). The cirrus 
sac is large and extends obliquely forwards to about the middle of the 
anterior margin of the segment; it is weakly muscular, 0 19 to 
0*21 mm. long by 0*066 mm. broad. The cirrus, which when 
extended has a thickness of 0*024 mpi., is densely covered with small 
spines 0*006 mm. long; the vas deferens forms a few coils inside the 



Fig. 9 .—Idiogenes kolhei sj). nov. A = mature segments (the male duct has 
.^en omitted in the anterior and the female duct has been omitted 
in the posterior segment); B = nearly ripe segment. 


cirrus and on emerging from it is thrown into numerous closely 
packed loops. A vesicula seminalis interna is absent. The testes 
are large and .round and become mature before the ovary; 
they number from six to eight, have a diameter of about 0*06 mm. 
and are situated in the posterior half of the segment behind the ovary 
and between the excretory canals. The vagina opens immediately 
ventral of the opening of the cirrus sac; it is more or less straight, 
not forming any loops and its terminal third has its lumen widened 
to 0*024 mm. and is lined by small spines. The ovary is more or less 
centrally placed in the anterior half of the segment, and consists of 
two rounded to oval wings up to 0*12 mm. long by 0 06 mm. across; 
a small shell gland is situated at the junction of the two ovarian 
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lobes. The rounded receptaculum seminis is situated between the 
ovarian wings and has a diameter of about 0*045 mm. The yolk 
gland is generally oval, 0 066 mm. by 0*042 mm. and is generally 
centrally placed behind the receptaculum seminis; however, this 
latter organ may displace it slightly to the right or to the left of the 
midline. The uterus arises as an inverted U-shaped structure in the 
area occupied by the ovary; as it enlarges it fills up most of the space 
between the excretory canals and the cirrus sac leaving the space 
between its limbs free where the receptaculum seminis is found to 
persist (Fig. 9 h). Soon after the paruterine organ makes its appear¬ 
ance as a darkly staining cell mass in the middle of the anterior 
half of the segment; it grows backwards and compressing the 
anterior and posterior walls of the uterus on to the receptaculum 
seminis causes the uterus to loose its U-shape and assume the 
appearance of two isolated lateral bags. In the hindmost segments 
the eggs api)ear to be mature but no eggs have entered the paruterine 
organ; it would thus appear that their entrance only takes place after 
the end segments have been shed. The eggs are thin-walled and 
round, and have a diameter of 0*038 to 0*042 mm. anO the hexacarith 
hooks are 0 018 mm. long. 

Affiiiities, —This sjiecies is easily dilferentinted from the preced¬ 
ing species in that a pseudoscolex is not formed, a scolex being 
normally present in the adult; the testes are fewer; the cirrus and 
vagina are not so massive and their spines are ( onsiderably smaller. 
The absence of a pseudos(‘olex distinguishes this species from 
/. otidis Krabbe, 1867 and 7. nmui Fuhrmann, 1925, and the smaller 
and greater number of rostellar hooks, fewer testes and absence of 
large genital atrium differentiates it from 7. (jrandijwrus Cholodk, 
1905. 


Specific diagnosis .—Idiogeninae reaching 32 mm. in length by 
0*54 mm. broad. Scolex normally present in the adult; pseudoscolex 
absent. 120 to 140 rostellar hooks of typical shape and about 0*013 
and 0 016 mm. long. Rostellum covered by innumerable small 
spines. Genital pores unilateral. Cirrus sac large, reaching 0*21 
mm. in length; cirrus covered with small spines; vagina straight, 
its end third has a widened lumen lined with small spines. Testes 
six to eight in posterior half of segment. Ovary two-lobed; uterus 
U-shaped. Fggs rounded, and do not enter })aruterine 07*gan while 
segment is still attached to strobila. 

Host: Choriotis l:ori (Buch,). 

Location: Small intestine. 

Locality: Northern Transvaal. 

Types in the Onderstepoort Helminthological Collection. 

The writer has much pleasure in naming this species in honour 
of Mr. F. F. Kolbe, B.Sc., Officer in Charge of the Zoological Survey 
in the field, who was personally responsible for collecting all the 
material from this host. 


73 



SOUTH AFRICAN HELMINTHS. 


Schistoinetra connoideis (Bloch, 1782). 

About a dozen full-grown specimens were recovered from a 
Giant Bustard shot in the Northern Transvaal. In addition about 
50 immature specimens were present ranging in length from aibout 
10 mm. to 60 mm. with a maximum breadth of 4 mm. The longest 
mature specimens were from 150 to 175 mm. long with a maximum 
breadth of 9 mm. 

This species was first recorded from this host by Beddard (1912) 
as Otiditaenia eupvdotidis gen. and sp, nov. The writer fully 
agree with S-krjabin (1914) that this species is cospecific with Bloch^s 
(1,782) specie^ (syn. S. togata Cholodk, 1912) as an examination of 
the writer’s material shows. The suckers each carry two muscular 
appendages, each about 0*06 mm. long. The rostellum carries 
about 500 small and typical hammer-shaped hooks, in two regular 
circles; those of the anterior row are 0 01 mm. long and those of 
the posterior row *0085 mm. long. The base of the rostellum is 
densely covered with minute spines. The ovary is small and 



Fig. 10 .—Schistometra conoideis. Horizontal section of hindmost segment. 

E.V. = excretory vessel; P.C.— paruterine capsules; P.O.= 
paruterine orgen; U.T.= uterus. 

decidedly poral in position, being located just internal to the poral 
ventral excretory canal and anterior of the testes. The recepta- 
culum seminis is fusiform and increases in size posteriorwards; in 
mature segments it is about 0 18 mm. long by 0 06 mm. thick and 
in the hindmost segments 0*48 mm. long by 0*1 mm. thick. The 
uterus arises as a transverse canal immediately anterior of the testes 
and extends across the whole segment between the excretory canals; 
near the excretory canals it becomes enlarged; its cavity in ripe 
segments is traversed by trabeculae which divide it into cavities 
extending antero-posteriorly; these cavities are again sub-divided to 
form irregular cavities each containing a single egg. In sections 
of the last few segments of three worms (Fig. 10) it was noted that 
the eggs had entered the paruterine organs in the last two segments 
of each worm. When entering this organ three of four liask-shaped 
paruterine capsules are formed for the reception of a considerable 
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number of eggs. These capsules arise from the posterior face of 
the paruterine organ and become connected with the uterus; after 
having received their eggs they become severed from the uterus 
and pass forwards to lie separately in the posterior half of the 
paruterine organ. The capsules have a fibrous wall, and consist of 
a body ’’ and neck the latter generally kinked (Fig. 11a); 
the whole capsule has an overall length of about 0 42 mm. of which 
0'2 mm. represents the neck and the remainder forms the body 
measuring about 0*22 by 0*26 mm. The body ” is filled by a 
considerable number (roughly about OO) of oval and thin-walled 
eggs having an average size of 0*042 by 0*025 mm. and the hexa- 
canth hooks measure 0*014 mm. (Fig. 11b). The whole mass of eggs 



Fig. 11 .—Schistometra conoideis. A = se(;tion of paruterine capsule with eggs; 

B = eggs from paruterine capsule; C = eggs from uterus of same 
segment (B and C are equally enlarged). 


is enclosed in a thin membrane separating them from the “ body ’’ 
of the capsule. From the literature available the writer has not 
been able to find any definite reference to these paruterine capsules. 
Beddard (1914) is unfortunately not clear on this point, in that when 
discussing the ultimate fate of the uterus he states (p. 218) “ the 
eggs are at the very end grouped into many more or less isolated 
but not well marked causples whether he refers to the uterine or 
paruterine capsules is not clear, although on the previous page he 
states that there is a ‘‘ tendency for the fibrous i)arenchyma to en¬ 
wrap the bundles of eggs ” which would suggest that these egg 
bundles were lodged in the paruterine organ. His figure of a section 
of a ripe segment (Fig. 30) shows groups of eggs in the paruterine 
organ but these do not appear to be enclosed by fibrous capsules. 

A remarkable feature of the eggs in the i)aruterine capsules is 
that they are very much smaller than the apparently ripe eggs still 
present in the uterus and the hexacanth hooks are also much smaller; 
eggs in the uterus of the same segment containing paruterine cap¬ 
sules were globular, had a thin and smooth shell, measured from 
0*066 to 0*084 mm. in diameter and their hexacanth hooks were 
from 0*037 to 0 039 mm. long (Fig. 11c). How this change takes 
place, especilly in the size of the hexacanth hooks, the writer is 
unfortunately not able to say, as he did not observe any capsules 
into which the eggs were in the process of entering. The possibility 
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of two types of eggs being present in the uterus is also excluded 
as a careful search of a number of sections through different uteri 
only showed the presence of round large eggs. 

A curious feature of the paruterine capsules is that the neck 
contains a short coiled duct, about 0 015 mm. in diameter and 
having its internal surface lined by short spines. 

The arrangement of the testes is typical for the genus consisting 
of a vertical sheet at the hind end of the segment; there are from 
25 to 34 testes in a transverse row and there are five or six of these 
rows one above the other. A vesicula seminalis is abvsent, but the 
vas deferens is much coiled after emerging from the cirrus sac 
which reaches but does cross the excretory canal; this latter organ 
is about 0*24 mm. long by 0 09 to 0 01 mm. thick (Skrjabin says 
0 6 mm. long by 0 2 to 0*25 mm, broad). In all the transverse 
sections, obtained from different parts of two adult worms, no trace 
of a dorsal excretory canal was seen. The genital ducts passed 
dorsa;! of the ventral excretory canal and nerve. 

Hofit: Choriotis hori (Buuch.) 

Location: Small intestine. 

Northern Transvaal. 


Schistometra sp. 

The writer is tentatively referring to this genus two very 
immature strobilae obtained in association with the preceding 
species. The strobilae are respectively 10 and 15 mm. long. The 
head is very similar to that of S. horhaani Ortlepp 1938; its 
rostellum is covered by minute spines and also a double circle of 
about 500 hooks arranged in a zig-zag and having a break at each 
lateral corner; the hooks, however, are longer than in this species 
being 0*021 and 0*018 mm. long for the anterior and posterior row 
respectively. Each sucker is provided with two muscular 
appendages. 

Host: Choriotis kori (Buuch.) 

Location: Small intestine. 

Locality: Northern Transvaal. 


llymenolepis cormoranti sp. nov. 

About a dozen specimens of this delicate cestode were collected 
from two or three Reed Cormorants. Only two worms still had 
their solices present but a few additional detached scolices were 
recovered from scrapings of the intestine. 

The total length reaches 150 mm. with a maximum thickness of 
0*6 nam. at the posterior end; the strobila is thin, especially in its 
anterior half which has the appearance of a thread of white cotton. 
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The head is small and only reaches 0 138 mm. across; it is 
somewhat spindle-shaped. In all cases the rostellum is retracted 
and its sac extended backwards for about 0*13 mm. posterior of the 
level of the suckers; it carries a single row of ten small hooks (Fig. 
12a) 0*024 to 0*025 long, having a long handle and a blade only 
0*006 mm. long. The suckers are slightly oval and small and 
measured 0*054 by 0*06 mm. across. 



Fig. 12 .—Hymerwlepis cormoranti sp. noe. A = rostellar hook; B — segment 
with mature testes. 


The genital pores are unilateral and situated in the anterior 
quarter of the segment’s margin. The cirrus sac is elongate and 
tubular, crosses the excretory canal and reaches the porai testes and 
sometimes extends beyond it; it is about 0*15 mm. long by 0*03 
mm. in thickness, but in older segments it may even reach a length 
of 0*17 mm. 



Fig. 13 .—Uymenolepis cormoranti .sp. nov. Segment with mature ovary. 


The three testes, which are rounded and have a diameter of 
0*045 to 0*06 mm., are arranged in the form of a triangle, one 
porai and two aporal (Fig. 12b) ; the anterior aporal testes it situated 
slightly more internal than that behind it. In segments, where the 
testes had attained maturity, the female glands are only represented 
by a darkly staining mass of cells; as the testes begin to disintegrate 
the ovary begins to assume a definite shape, and further back when 
the testes have completely disappeared the ovary and its associated 
glands become mature; in these segments (Fig. 13) the ovary is 
trilobed and measured from 0*17 to 0*2 mm. across by about 0*08 
in length. The yolk gland lies immediately behind the ovary, it is 
rounded and has a diameter of about 0*05 mm. 
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Affinities. —Baer (1933) identified fragments of a cestode 
obtained from the same host as //. 'phalacrocorax (Woodland, 1929), 
although he noted that his material showed several difierences from 
Woodland’s description based on material obtained from an Indian 
Large Cormorant {Fhalocrocorax car bo). Although Woodland found 
no hooks or rostellum on the one available scolex, it is not certain 
whether this species is normally unarmed as this scolex was much 
distorted. Baer’s material unfortunately contained no scolex. Apart 
from the armed scolex the writer’s specimens differ from both 
Woodland’s and Baer’s specimens in that the testes are not found 
external of the excretory vessels, in that the cirrus sac is a simple 
muscular tube and not the complicated structure described for 
Woodland’s species, and in that the ovary is trilobed; from Baer’s 
specimen it differs in that the cirrus sac is much longer and extends 
almost to the middle of the segment, the peculiar structure of the 
vagina was not noted, and the testes are much smaller. 

The number, size and shape of the rostellar hooks easily dis¬ 
tinguishes this species from the species H. jicticia (Meggitt, 1929), 
H. magniuncinata Meggitt, 1927, H. parvicirrosa, Meggitt, 1927, 
and H. (Stossich, 1890), from Pelicaniformes; H. parviun- 

cinata Meggitt, 1927, also from this group of birds, has the same 
number of hooks (10) as in the writer’s species, but they are 
much smaller (0 013 to 0 018 mm.) and their shape is aLso different. 

Specific diagnosis. —Hymenolepididae attaining a length of 
150 mm. or more by 0*06 mm. broad; scolex small, 0*138 mm. across; 
rostellum with 10 hooks 0*024 to 0*025 mm. long having a long 
handle and small blade, (jenital pores unilateral. Three testes, 
one poral and two aporal, disappear before appearance of female 
glands; cirrus long, crosses excretory canal and reaches poral testes. 
Ovary trilobed, large; yolk gland round; uterus a transverse bag, 
extends across excretory canal to edge of segment. 

Host: Microcarbo africana africanoides (A. Smith). 

Location : Small intestine. 

Locality: Pretoria district, Transvaal. 

Types in the Onderstepoort Helminthological Collection. 


Class NEMATODA. 

Contracaecum carlislei sp. nov. 

The Reed Cormorants from which this species was obtained were 
shot by Mr. Carlisle of this Institute and placed at the writer’s 
disposal for section : the writer has much pleasure in naming this 
species after Mr. Carlisle in recognition of his services for having 
from time to time placed materials for section at his disposal. 

The above species was represented by about two dozen speci¬ 
mens, representing fourth stage larva^ jidolescent and mature 
worms. They were found firmly attached to the inner lining of the 
oesophagus and stomach. 
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The worms are creamy yellow in colour and attenuated towards 
both extremities; the mature worms reach a length of 10 mm. by 
0*5 mm. broad for the males and 27 mm. by 1 mm. thick for the 
females. The three lips are separated from the body by a constric¬ 
tion and each is somewhat rectangular, being slightly longer than 
broad and each is bilobed anteriorly having the lateral corner of 
each lobe drawn out into a point (Fig. 14); in the males they reach 
a length of 0 075 mm. and in the females 0*84 mm.; their pulps are 
provided with two swollen processes which extend one into each of 
the anterior lobes of the lips. The dorsal lip carries two single 
papillae but the sub-ventral lips each carry a ventral double and a 
dorsal single papilla. The interlabia are large and curved, being 
almost as long as the lips. Dentiginous ridges are absent. 



Fig. 14 .—Contracaevum carlislei sp. nov. Dorsal lip. 


The body is transversely striated, those striae just behind the lips 
being more prominent and giving this portion of the body a serrated 
appearance. The tail is short and conical in both sexes, being about 
0*25 mm. long in the male and 0*24 to 0 264 mm. long in the 
female. Lateral alae are absent. 

The oesophagus is 3*1 to 3-7 long and increase slightly in thick¬ 
ness posteriorly; in the male its anterior and posterior diameters 
are 0 084 and ()12 mm. and in the female 0 108 and 0 192 mm. 
respectively; its ventral caecum is 0*78 mm. long in the male and 
O’86 mm. long in the female. The intestinal caecum is long and 
extends to almost 0’5 mm. behind the level of the nerve ring, being 
2*76 mm. long in male 2-25 mm. long in the female. The nerve 
ring is 0-48 to O’52 from the anterior end and the two small cervical 
papillae are situated about 01 to 0 12 mm. behind the nerve ring. 

The tail of the male carries no alae; there are 6 pairs of |)ost 
cloacal papillae (Fig. 15); the first two pairs are longer and ventro¬ 
lateral in position; they are situated close together and only a 
careful examination reveals the fact that they are two separate 
papillae and not a single doubled one; the remaining four pairs are 
small, and situated in the posterior half of the tail, two pairs being 
lateral and two pairs ventral. The spicules are equal 2*2 to 2 4 mm. 
long by O’036 mm. broad at their proximal ends; they are alate in 
their posterior half. There are 30 or more pairs of precloacal 
papillae extending forwards on either side from the cloaca. A 
gubernaculum is absent. 
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The vulva is slightly protuberant and situated in the anterior 
body half; its position divides the body roughly into the ratio of 
2:3; the vagina is about 1*2 mm. long by 015 mm. thick and 
its lumen has a diameter of 0 06 mm.; it may extend transversely 
across the body and then bend backwards in a right angle, or it may 
first pass obliquely forwards for about 0 5 mm. and then bend 
backwards. 



Fig. 15 .—Contracaecum carlislei sp. nov. Ventral view of male tail. 

The numerous eggs are rounded and relatively thin shelled; 
they are from 0*051 to 0:054 mm. in diameter and their shells are 
0*003 to 0*004 mm. thick. 

Affinities. —The nature of the labial papillae and the arrange¬ 
ment of the male postcloaciil papillae shows that this species is closely 
related to C. rodhaini (Gedoelst, 1916) from Plotus rufus; the only 
difference being that in Gedoelst’s species the subventral lips each 
carry only a double papilla and the first postcloacal papilla is double; 
however, more important differences are that in C. rodhaini the 
spicules are much longer (3*6 mm.), the vulva is more anterior in 
position (divides body into ratio of 3 : 7), the male tail is shorter 
(0*75 mm.), the female tail is longer (0*336 mm.), and the bases of 
the lips are more cut-in than in the writer’s species. 

The size and shape of the spicules and position of the vulva are 
very similar to, those of C. microcephalum, (Ilud., 1809), but this 
species has two double papillae to each dorsal lip and a single double 
papilla to each sub-lateral lip; in addition the arrangement of the 
post-cloacal papillae are also different. 

The size of the spicules distinguishes the writer’s species from 
the recently described species C. torquatum Yamaguti, 1935, C. milvi 
Tamaguti, 1935 and C. hagedashiae Sandground, 1933. 

Specific diagnosis .—Anasakinae reaching a length of 15 mm. foi 
the males and 27 mm. for the females. Three lips somewhat rect¬ 
angular and bilobed anteriorly; inter-labia large and curved; 
dorsal lip with two single papillae and subventral lips each *with a 
double and a single papilla. Intestinal caecum long. Tail in both 
sexes about 0*25 mm. long. Spicules equal, alate, 2*2 to 2*4 mm. 
long; gubernaculum absent; 30 or more pairs of precloacal papillae 
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and six pairs of postcloacal papillae of wliieh the papillae of the Isl 
and 2nd pairs are close together but nor forming a double papillae. 
Vulva divides body into ratio of 2 *. 3. Eggs round and thin-shelled. 

Host: MicTocarho africaiia africanoides (A. Smith). 

Hahitat: Oesophagus and stomach. 

Locality: Pretoria district, Transvaal. 

Types in the Onderstepoort Helminthological Collection. 


Porrocaecurn spatlmlespiculum sp. nov. 

The materials on which the following description is based 
consists of two males and one female, all mature, from one bird 
host (unidentified), and two males and two females (all mature) and 
two immature females from another bird host (unidentified). They 
are creamy white in colour and are attenuated towards both extre¬ 
mities in both sexes. The males are from 32 to 44 mm. long with a 
maximum thickness in their middle of 117 mm. and the females are 
34 to 05 mm. long with a maximum thickness behind the vulva of 
1*6 mm. The cuticle is transversely striated, and cervical and 
caudal alae are absent. 



Fig. 16 .—Porrocaecum spafhvlespicvlum sp. nov. Dorsal lip. 


The three lips are rounded and slightly indented anteriorly and 
are deeply cut in at their bases (Fig. Ki); their length varies from 
0 145 mm. to O IG mm.; the labial i)apillae are all simple, large 
and dome-shaped, two being present on the dorsal lip and one on 
each sub ventral lip. Each lip carries an internal dentigerous ridge 
whose denticles are largest towards the apex of each lip. The pulp 
of the dorsal shows no special peculiarities and simply follows the 
outline of the lip. The interlabia are large and prominent and 
about tw^o-thirds the length of the lips. The oesophagus, including 
its ventriculus, is from one-tenth to one-twelfth of the total body 
length and increases slightly in thickness posteriorly, w^here it may 
reach a thickness of 0*45 mm.; its ventriculus is about 0 75 mm. 
long. The intestinal caecum is small and inconspicuous and only 
reaches 0 18 mm. in length. In a male 32 mm. long the nerve ring 
was 0*6 mm. from the anterior end, and the small cervical papillae 
were situated 0*24 mm. behind the nerve ring. 
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The vulva is non-protuberant and situated in the anterior body 
half, its position dividing the body into the ratio of 8 I 11. The 
vagina is relatively short and soon leads into a large egg reservoir 

? assing posterior-wards; two uteri originate from its posterior end. 

he eggs are oval and have pitted shells; they are from 0 084 to 01 
mm. long by 0 06 to 0 072 mm. in thickness; their shells are from 
0*003 to 0 004 mm, thick. The tail is somewhat stumpy and is 
from 0*74 to 0*84 mm. long (Fig. 17). 



Fig. 17 .—Porrocaecum spathulespiculum sp. nov. Female tail. 


The caudal extremity of the male is pointed and the tail is 
from 0-33 to 0*43 mm. long (Fig. 18a); there are five pairs of 
postcloacal papillae, that immediately behind the cloaca being 
double; the remaining four pairs are equidistant from each other 
and placed further back. There are 12 to 14 pairs of precloacal 
papillae. The two spiclues (Fig. 18b) are equal, robust, slightly 
arched and alate, the alae extending from just behind the head to 
the tip and giving the spicule the shape of a flour scoop; they are 
from 0*78 to 0*792 mm. long by 0*098 mm. broad at their head. 
A giiberiiaculum is absent. 



Fig. 18 .—Porrocaecum spathulespiculum sp. nov. A = ventral view of male tail; 
B = side view of spicule. 


Affinities .—The nearest relatives of the above described species 
appear to be P. angusticolle (Molin, 1860) and P, depressum (Zeder, 
1800), both of which possess a pair of double papillae immediately 
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behind the cloaca and four additional pairs of single papillae; the 
former species differs from the writer’s in that its interlabia are 
small, its spicules are longer and non-alate and its int-estinal caecum 
is much longer; Zeder’s species differs from the writer’s by the 
shape of the pulp of its dorsal lip, the connical tail appendage in the 
male and its small interlabia. 

Specific diagnosis .—Anisakinae reaching a length of 44 mm. in 
the male and 05 mm. in the female. Lips somewhat rounded and 
deeply cut in at their bases; pulp of dorsal lip simple; dentigerous 
ridges present; two simple papillae and one simple papilla on the 
dorsal and subveiitral lips respectively; interlabia large. No 
cervical alae. Intestinal caecum very small. Vulva in anterior 
body half. Eggs oval and pitted. Five pairs postcloacal and 12 
to 14 pairs precloacal papillae in male; first postcloacal papillae 
double. Spiclues, equal, alate and scoop-shaped. Gubernaculum 
absent. 

Host: Bird (unidentified). 

Location : Small intestine. 

Locality: Transvaal. 

Types in the Onderstepoort Heminthological Collection. 


Svbulnra otidis sp. nov. 

Numerous specimens were recovered from a single Giant Bustard. 
Unfortunately all the females were still immature, and consequently 
the measui’ements given below must be taken as applying only to 
young individuals which have not attained maturity. 

The body is w^hitisli in colour and is strongly arched dorsalwards 
at the anterior end. The body is thickest at the level of the junction 
of the oesophagus and intestine; from this point the body becomes 
thinner towards both extremities, this attenuation being less marked 
towards the anterior than towards the posterior end. In the females 
the body becomes very much attenuated posteriorly to end in a long 
and finely ])ointed tail; in the male, as far as the cloaca, the 
attenuation is not so marked, but in the tail region the body becomes 
considerably thinner to terminate in an elongate tail spike. The body 
cuticle shows fine annulations and also carries iwo long lateral alae 
which extend down the body for about two-fifths of its length; they 
are from 0 025 to 0 036 mm. high and are vertically striated. The 
mouth is simple and leads into a buccal capsule having thickened 
cuticular walls (Fig. 19); it has a diameter of 0 021 to 0 024 mm. at 
its anterior end and 0 040 to 0 045 mm. at its posterior end, and its 
average depth is 0 03 mm. Protruding into its base are three 
prominent teeth lodged on the apices of the three oesophageal 
segments. There are two wart-like lateral papillae and four small and 
dome-shaped submedian papillae round the mouth. The oesophagus 
is typical in shape and is from 1*27 to 1*34 mm. long in the males 
and 1*44 to 1*54 mm. in the females. 
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The length of the females is 9'0 to 11*6 mm. with a maximum 
thickness of 0*264 mm. The tail (Fig. 20a) is long, slender and 
pointed and averages 1*0 mm. in length. The vulva is inconspicuous 
and situated in the anterior body half, dividing the body roughly 
into the ratio of 4:5. The ovejector (Fig. 20b) is very short, its total 
length being from 0*516 to 0*544 mm.; its vestibule is bent sharply 
forwards and is from 0*17 to 0 17 mm. long; the sphincter measures 
only 0*7 mm. in length and the trompe is from 0*26 to 0*3 mm. 
long. As the material is still immature no eggs are present. 



Fig. 19 .—Suhulura otidis sp. nov. Anterior extremity, dorsal view. 


A. 




3 


Fig. 20 .—Suhulura otidis sp. nov. A = female tail; B = ovijector. 

The males are from 7*7 to 9 mm. long and have a maximum 
thickness of 0*24 mm. The caudal extremity (Fig. 21) is hooked 
ventralwards and is provided with very narrow alae. There are 10 
pairs of caudal papillae of which two are precloacal, three circum- 
cloacal and five post cloacal on the anterior half of the tail; a pair of 
small catidal pores is situated just anterior of the last pair of caudal 
papillae. The tail is relatively long, being from 0*36 to 0*4 mm. in 
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length, and carries a long caudal appendage. The spicules are equal 
and similar, measuring 0*676 to 0*7 mm. in length; they are alate 
and their sharp tips are hooked ventralwards. The triangular 
gubernaculum is from 0*06 to 0*066 in length. The sucker is not 
very muscular and is situated 0*3 to 0*36 mm. anterior of the cloaca! 
aperture. 



Fig. 21 .—Subulura otidis sp. nov. Male tail, lateral view. 

Affinitieii .—Of the species Subulura only the following have 
no lips and equal si)icules less than 0*5 mm. long namely, S. pocnlmn 
(v. Linstow, 1909), forcipata (Rud, 1819), and S. noctuae (Seurat, 
1914). These species differ from the writer’s in that the cervical 
alae are practically limited to the oesophageal region of the body. 
The long cervical alae a])pear to ally the writer’s species to S, 
leprincei (Gendre, 1909) but this species differs in that it is stated to 
possess 13 pairs of caudal papillae, the spicules are 1 to 1*4 mm. long 
and the ovejector is very long. 

Three species of this genus have, as far as the writer has been 
able to ascertain, been recorded from otididiforin birds, namely 
S. halli Barreto, 1918 {^S. forcipata (Rud.) of Seurat, 1914), from 
Otis tetraur, S. riina (v. Linstow, 1906) from Otis houbara {- Iloubara 
undulata and S, suctoria (Molin, 1860) from Houbara maequinii. 
The first and last of these differ from the above described species in 
that the spicules exceed 1*0 mm. in length. S. rirria differs in that 
it is reported to have six oesophageal teeth, nine pairs of caudal 
papillae in the male and the spicules are unequal in length. 

Specific diagnosis .—Subulurinae having a whitish colour in the 
preserved state and reaching a length of at least 9 mm. for the males 
and 11*6 mm. for the females. Lips absent. Cuticularized buccal 
capsule present. Cervical alae long extending to posterior quarter of 
body. Vulva in front of middle. Ovejector very short. Female tail 
long and pointed. Caudal alae of male very narrow. Ten pairs of 
caudal papillae. Spicules equal, similar and alate reaching 0*7 mm. 
in length. 

Host: Choriotis kori (Burch.). 

Location: Caeca. 

Locality: Northern Transvaal. 

Types in the Onderstepoort Helminthological Collection. 

85 




SOtJTH AFRICAN HELMINTHS. 


Cooperiodes hepaticae sp. nov. 

This species is represented by 13 males and 9 females all collected 
from small nodules on the terminal portions of the bile ducts of ah 
Impala. They are slender worms having a reddish colour. All the 
worms appear to be fully grown notwithstanding the fact that no 
female contained any eggs. The peculiar habitat of these worms is 
probably the reason for this, and it would suggest that this is not 
their normal location. 

The head (Fig. 22a) is slightly swollen and is provided with four 
inconspicuous lips, carrying four submedian and two lateral papillae 
which show up as bright refringent dots when the worms are cleaned 
in creosote; the head of the female is up to 0 055 mm. broad and 
that of the male up to 0 05 mm. and the length of the cephalic 
swelling reaches 0*026 mm. in the female and 0*025 mm. in the male; 
in the two sexes the diameter of the neck, immediately behind the 
cephalic swelling, is 0*052 mm. and 0*043 mm. respectively; the 
neck is encircled by 8 to 10 coarse annulations, and behind these the 
cuticle shows the. normal fine striations. Extending from behind the 
neck almost to the posterior end of the body the cuticle carries 10 
longitudinal alae showing very regular and distinct vertical mark¬ 
ings; these alae are from 0*01 to 0*017 mm. high, and the two alae 
immediately lateral to the vulva may in this region reach a height 
of 0*028 mm. Cervical papillae are absent. 


/I. 



Fig. 22 .—Cooperiodes hepaticae sp. nov. 
tail. 


A = anterior extremity *; B = female 



Female. —The/females are from 15 to 17 mm. long with a maximum 
thickness of 0*29 mm. just in front of the vulva in the longest 
female. The tail (Fig. 22b) is pointed and is from 0*16 to 0*175 mm. 
long. The club-shaped oesophagus is from 0*72 to 0*754 mm. long 
and has a maximum thickness of 0*064 mm. at its posterior end; 
the excretory pore is situated 0*523 to 0*551 mm. from the anterior 
end and the nerve ring^^^^^^^^^about 0*075 mm. in front of the 
excretory pore. The vulva is not prominent and is found in the 
posterior body sixth; it is from 0*25 to 0*26 mm. from the tail tip 
and is bordered laterally by the enlarged cuiticular alae. The ovejec- 
tors are of the usual trichostrongylid type and their combined length 
in the largest female is 0*638 mm. Eggs are entirely absent. 
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Males ,—The males are from 11 to 13 mm. long and have a 
maximum thickness of 0*215 just anterior to the bursa. The 
oesophagus is 0*625 to 0*64 mm. long, and the excretory pore is 
0*425 mm. from the anterior end; the nerve ring is situated 0*7 mm. 
anterior of the excretory pore. The caudal bursa consists of two large 
lateral lobes with numerous small tubercles on their ventral surfaces, 
and a small median lobe; the entire length of the lateral bursal lobes 
reach 0*32 mm. and the dorsal lobe 0*145 mm. The arrangement and 
proportions of the rays are best seen in the accompanying figures 
(Fig. 23a and b). The spicules are dark brown and equal in length 
and each is provided with a dorsal spur 0*05 mm. long (Fig. 23c); 
the body of the sjjicules end in a blunt tip tilted ventralwards; a 
thin membrane is supported by the spur and also by the spicule itself. 
The spicules are from 0*172 to 0*203 mm. long and have a maximum 
thickness at their anterior end just behind the head of 0*02 mm. A 
gubernaculum and prebursal papillae are absent. 



Fig. 23 .—Cooperiodes hepaticae sp. nov. A = dorsal view of bursa; B = lateral 
lobe of bursa; C = spicule. 


Affiriities ,—This species is closely related to Cooperiodes hamil- 
toni (Monnig, 1933) from the same host as shown by the similar 
spicules and arrangement of the lateral and ventral rays; however, 
it, can be easily distinguished from this species by its larger size 
and by its much shorter dorsal ray and consequent smaller dorsal 
bursal lobe. 

Specific diagnosis .—Trichostrongilidae reaching a length of 17 
mm. in the female and 13 mm. in the male. Head swollen, about 
0*05 mm. thick. Body carries 10 longitudinal alae extending from 
the neck to the anal region, each ala ornamented by numerous coarse 
vertical markings. Vulva in the posterior body sixth. Tail pointed. 
Bursa with two large lateral lobes and much smaller dorsal lobe; 
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bursal rays as in C. hamiltoni (Mbnnig) but dorsal ray is much 
smaller. Spicules equal and each carries a dorsal spur; they are 
alate and from 0 172 to 0*203 mm. long. Gubernaculum absent. 

Host: Ae^yceros melampus melampus (Licht.) 

Location: Small nodules on terminal portion of bile ducts. 

Locality: Northern Transvaal. 

Types in the Onderstepoort Helminthological Collection. 


Triclxonema {Cyltcocyclus) gyalocephaloides sp. nov. 

About 45 specimens, of which four were males, were present in 
a collection of helminths recovered from a zebra. Unfortunately 
every specimen, except one male, had burst, and consequently the 
lengths given below are smaller than the parasites would have been 
had they been entire. The worms have h brownish red colour and 
the intestine shows through the body wall as a dark line; the females 
are 13 to 15 mm; long, are attenuated towards both ends and have a 
maximum thickness of 0*6 to 0*72 mm. at about the middle of the 
body. The entire male is 14 mm. long by 0*53 mm. in its middle. 

The anterior extremity is slightly swollen and resemble in shape 
that of Gyalocephalus capitahis (Fig. 24a). The mouth collar is 




Fig. 24 .—Trichonema {Cylicocyclus) gyalocephaloides sp. nov. A and B — 
anterior extremities. 

rounded and flattened and measures 0*23 to 0*245 mm. across by 
about 0*03 mm. high; externally it carries two wart-like lateral 
papillae and four submedian papillae with nipple-like ends. The 
buccal capsule is large and somewhat barrel'^shaped with a conspi¬ 
cuous hoop round its posterior edge; its anterior opening is slightly 
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less than its posterior and its maximum diameter is just anterior of 
its middle; it is from 0 075 to 0 09 mm. deep and its maximum 
diameter is from 0 186 to 0-204 mm. The external leaf crown 
originates about midway up the mouth (collar and consists of 44 
pointed elements about 0 08 mm. long; they project slightly above 
the anterior margin of the mouth collar. The internal leaf crown 
consists of numerous (Ca. 200) small elements, about 0 01 mm. long, 
inserted along the anterior edge of the buccal capsule. The excretory 
pore is situated at the level of the junction of the oesophagus and 
intestine, and the spike-like cervical papillae are inserted 0 12 mm. 
anterior of this level. The oesophagus is strikingly club-shaped 
(Fig. 24b) in that its anterior or head end is much enlarged to 
accomodate a cup-shaped oesophageal funnel; this portion measures 
0*27 to 0*3 mm. across by about 0*2 mm. long, and its cavity is 
from 0*12 to 0 15 mm. deep by 0*18 to 0*19 mm. broad; its internal 
surface is lined by cuticle forming longitudinal folds. The following 
portion or oesophageal neck is considerably narrower and measures 
from 0-14 to 0 18 mrn. in thi(‘kness; the nerve ring encircles it at 
its junction with the following much thicker oesophageal portion; 
this latter is from 0-33 to 0*42 mm. thick. The whole organ is 
from 103 to 1*14 mm. long. 

The caudal bursa consists of a long median and two large 
lateral lobes (Fig. 25). The former is supported by the dorsal ray 
w’hich is split almost from its base, and each limb carries three 
main brancnes which extend to the bursal edge. The externo-dorsal 
takes its origin from the dorsal ray just after its division into its 
two main limbs; it is curved and does not reach the edge of the 



Fig. 25 .—Trichomena {Cylicocyclus) gyalocephaloides sp. nov. Dorso-lateral 
view of bursa. 
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bursa. The postero-lateral and medio-lateral rays are more or less 
parallel, and the antero-lateral diverges slightly. The ventral rays 
are closely apposed to each other except for their tips. A large 
prebursal papilla is present. The genital cone is large, about 0*45 
mm. long and carries two teat-like papillae 0 048 mm. long by 
0'03 mm; thick at their base. A large and boot-shaped guberna- 
culum is present measuring 0^3 to 0 37 mm. length; its under 
surface (sole) is grooved to accomodate the two spicules wliich are 
long and slender and terminate in double hooked tips; they are 
21 to 2*2 mm. long with a maximum thickness of 0*01 mm. and 
their terminal j)ortion8 carry small alae; 

The posterior extremity of the female is bent dorsal wards and 
a prominent swelling on its ventral surface gives it the characteristic 
appearance of a human foot (Fig. 26). This swelling causes a 
slight twisting of the foot ” towards the left side and consequently 
the vulva and anus come to lie on the right side of the foot. The 
tail is short and conical and is from 0*2 to 0*24 mni; long. The 
vulva is situated 0*18 to 0* *24 mm. anterior of the tail tip and leads 
into a long and straight vagina 11 to 1*2 mm. long by 0*11 mm. 
thick with lumen 0*066 mm. in diameter; the ovejectors each 
measure 0*9 mih. in length and are parallel. The eggs are oval 
and thin-shelled and morulated in utero; they measure 0*089 to 
0*091 mm. in length by 0*048 to 0*053 mm. across. 



Fig. 26 .—Trichonema (Cylicocyclus) gyaloeephalaides sp. nov. Female tail. 


Affinities. —The posterior hoop-like thickening of the buccal 
capsule and the numerous and small elements of the internal leaf 
crown originating from the anterior border of the buccal capsule, 
places this species in Ihle’s sub-genus Cylicocyclus. However, it 
differs from all the members of this sub-genus, in the great delevop- 
ment of its oesophage$il funnel, the shape of the terminal portion 
of the female body, and in that the vulva and anus are not ventral 
but lateral in position. Except for these points and the absence of 
long cephalic papillae, this species is otherwise very similar to 
T. {Cylicocyclus) auriculatum (Looss). 

Specific diagnosis. —Trichoneminae. reaching 14 mm. in length 
or longer. Head swollen; buccal capsule barrel-shaped with 
prominent posterior hoqp; 44 external and numerous internal leaf 
elements. Oesophagus club-shaped, its head enlarged to accomodate 
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a large funnel. Male bursa typical. Spicules just over 2 mui. long, 
slender, each terminating in a double hook. Posterior extremity of 
female shaped like a human foot. Vulva and anus lateral in 
position. 

Host: Hippotigris sp. 

Location: Colon. 

Locality: Tanganyika. 

Types in the Onderstepoort Helminthological Collection. 


Trichonema (Cylicocyclus) auriculatum (Looss, 1902). 

In association with the foregoing species there were six 
specimens of the above species consisting of three males and three 
females. All had unfortunately burst. This species is very similar 
to the foregoing but differs in having long horn-like lateral cephalic 
papillae and the oesophageal funnel is smaller; the posterior ex¬ 
tremity of the female is not bent dorsalw^ards, but this may be due 
to shrinkage as a result of bursting. 


Hahronema numidae sp. nov. 

Eight males and seven females w^ere recovered from under the 
gizzard lining of guinea-fowls; they w^ere reddish in colour and 
show^ed a tendency to become coiled into a loose spiral. The males 
are from 11 to 13 mm. long and the females 18 and 19 mm. long; 
the former attain their maximum thickness of 0 18 to 0 21 mm. 
just anterior of the caudal alae, and the latter are thickest (0*3 to 
O’SG mm.) just anterior of the vulva. 

The mouth is surrounded by four lips which are small and 
inconspicuous; the longest are the two lateral lips, each of which 
has a somewhat rectangular body with a dorsal and ventral horn¬ 
like process arising from its anterior corners (Fig. 27); its free face 
is slightly trilobed and it carries a small papilla towards its base. 
The dorsal and ventral lips are indented in their middle and carry 
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Fig. 27 .—Hdhronenia numidae sp. nov. Cephalic extremity. 
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keel-like thickenings extending into the mouth cavity on their inner 
surfaces; each carries two small sub-ventral pappillae. The mouth 
leads into a buccal capsule about 0*03 mm. deep in the males and 
0 036 mm. deep in the females and having an internal diameter of 
0 01 and 0 012 mm. in the two sexes respectively; its wall consists 
of thickened chitin which is thickest at its base. The oesophagus 
consists af an anterior muscular and a posterior glandular portion; 
the muscular portion is 0 27 to 0*3 mm. long by 0 024 mm. thick 
in the male and 0 33 mm. long by 0*026 mm. thick in the female. 
In the male the glandular oesophagus is 1*7 to 2 mm. long and in 
the female 2*4 to 2*6 mm. long; its maximum thickness, at its 
posterior end, is 0*06 and 0 065 mm for the two sexes respectively. 
The nerve ring is from 0*21 to 0*24 mm. from the anterior end, 
and the excretory pore 0*25 to 0*29 mm. from the anterior end. 
Cervical papillae were not seen. 



Fig. 28 .—Hahronema numidae sp. nov. Posterior extremity of male, ventral 
view. 

"Fig. 29 .—Hahronema numidae sp. nov. Female tail. 


The caudal alae of the males are from 0*42 to 0*52 mm. long 
ai^yji the whole expansion measures about 0*275 mm. across at the 
level of the cloaca (Fig. 28); its posterior end is rounded. The alae 
show numerous wavy markings extending from its outer edge to 
the body wall. There are 10 pairs of caudal papillae; fpur pairs 
are lateral and pedunculate, of which two are precloacal and two 

92 



R. J. ORTLEPP. 


post cloaeal; one pedunculate pair is ventral and situated midway 
between the two post cloacal pedunculate papillae; a pair of sessile 
papillae is situated just anterior to the cloaca; the remaining four 
pairs are small and situated laterally towards the posterior end of 
the tail. The spicules are well developed and unequal; the left is 
1*08 to 1*11 mm. long and has its tip slightly bent and alate; its 
proximal end is 0 015 mm. thick and its distal portion just anterior 
of the bend is 0*012 mm. thick. The right spicule is 0*42 to 0*438 
mm. long, has a uniform thickness of about 0*015 mm. and ends in 
a bluntly rounded tip. A gubernaculum is present, measuring 
about 0*07 mm. long. 

The posterior extremity of the female (Fig. 29) tapers off to 
form a blunt tail 0*126 to 0 13 mm. long. The vulva is not promi¬ 
nent and is located towards the posterior end, about 0*75 mm. 
anterior of the anus. A very short vagina leads into the somewhat 
pyriform vestibule about 0*25 mm. long by 0*06 mm. in diameter; 
a long unpaired trompe—0*78 mm. long—arises from its dorsal 
side and passes forwards to join the two parallel uteri. The numerous 
eggs are oval, thick shelled and embryonated in utero; they measure 
0*042 to 0*045 mm. long by 0*024 mm. thick and the shell has a 
thi(*kness of 0*003 mm. 


AjfiJutie.s .—Of the avian members of the genus Habronerna 
which possess no cervical alae and in which the vulva is situated 
near the posterior extremity, the al)ove described species approaches 
most closely the species //. enrycerca (Seurat, 1914) and //. parroti 
(Seurat, 1917). The arrangement of the male caudal papillae in 
these two species and in the writer's is practically identical and the 
lengths of the spicules are also very smilar. II. eurycreca differs 
from the writer’s species in that the vestibule is joined to the vulva 
by a long neck and the lips are more complicated, and II. parroti 
differs especially in the structure of the lips which have a digiti- 
form appearance when viewed laterally and they bear small teeth 
on their inner surface. 

Specific diagnosis .—Spirurinae reaching a length of 19 mm. 
in the female and 12 mm. in the male. Four lips of which the two 
lateral have horn-like processes at their anterior corners. Cervical 
alae absent. Nine pairs stalkel papillae on male tail (two pairs pre- 
cloacal) and one sessile pair on anterior lip of cloaca. Si)icules 
unequal, 1*1 and 0*44 mm. long. Gubernaculum present. Vulva 
near anus. Vestibule short, no neck; common trompe long. Uteri 
parallel. Eggs oval and thick-shelled, 0*042 to 0*045 mm. long by 
0*024 mm. thick; embr^^onated m utero. 

Host: Numida mitrata Pall, and Nurnida sp. 

Habitat: Under gizzard lining. 

Locality: Nyasaland, Transvaal and Swaziland. 

Types in the Onderstepoort Helminthological Collection. 
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Habronema fichu&ri Seurt 1916, var. elanii nov. 

The material which the writer has determined as a variety of 
Seurat’s species consisted of seven males and more than a dozen 
females; they were obtained from the stomach of a Black-shouldered 
Kite —Elamis caeruleus —shot at Onderstepoort; some of the worms 
were totally embedded under the mucosa. 

Although this material originates from a member of the 
Falconidae whereas Seurat obtained his from a member of the 
Ardeidae, the two materials, except for a few minor jioints, appear 
to be identical. They agree in their size, structure of the lips, 
coarse body annulations, ornamentation of the male caudal 
extremity (Fig. 30), position of the vulva, structure of the female 



Fig, SO.—Habronema fichenri elanii var. nov. Posterior extremity of male, 
ventral view. 


genitalia and size of the eggs. The only differences which the writer 
could find are that the left spicule is slightly shorter in his material 
(0-9 to 1*08 mm. against 127 mm.)., the terminal hooks are placed 
one anterior to the other and not on either side of the left spicule 
as drawn by Seurat, and the writer was able to find only two labial 
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teeth and not three as observed by Seurat. These differences the 
writer considers to be of minor importance and not of specific 
significance. 

Host: Elanus caeruleus (Desf.). 

Location: Stomach. 

Locality : Pretoria district, Transvaal. 

Types in the Onderstepoort Helminthological Collection. 


Ac liar ia semei * sp. nov. 

One male and ten females of this species were collected from a 
Giant Bustard; some of the specimens were brownish in colour 
whereas the remainder were cream-coloured. The body is attenuated 
in both sexes, the attenuation, however, being more marked in the 
anterior l)ody half of the females. The male is 12 mm. long by ()'3G 
mm. wide just anterior of the cloaca and the females vary in length 
from 10 mm. to 19*5 nim. with a maximum thickness just anterior 
of the vulva of 0 30 to 0*4 mm. All the specimens were mature. 

The cuiicle is finely aiinulated and the mouth is bordered by two 
lateral triangular lips, each carrying a triangular tooth at its apex 
and two sub-median papillae towards their bases. Two small cervical 
l)aj)illae are present, situated just behind the level of the junction 
of the pharynx and oesophagus. Four j)airs of cordons originate 
between the lips, two pairs emerging on their dorsal and ventral 
sides respectively; the cordons run in pairs and pass straight down 
along the submedian lines of the body to about the level or just 
posterior of the vulva in the female, and in the male they terminate 
about 0*24 mm. anterior of the cloaca. 

The mouth leads into cylindrical pharynx which is generally 
slightly bent; it is about 0*30 mm. long by 0*030 mm. broad in the 
females, and 0*3 mm. long by 0*03 mm. wide in the male. The 
oesophagus is relatively very long reaching a length of over 5 mm. 
in the females, and 3*9 mm. in the male; in the former the muscular 
portion of the oesophagus is about 0*72 mm. long by 0*12 mm. 
broad at its posterior end, and in the latter it is 0*54 mm. long. 
The nerve ring encircles it near its anterior extiemity. The glan¬ 
dular oesophagus reaches a length of 4*08 mm. in females and is 
3*30 mm. long in the male; its initial portion is 0*24 and 0*2 mm. 
thick at its anterior extremity and 0*260 and 0*23 mm. broad at 
its posterior end in the two sexes respectively. The excretory pore 
is situated about 0*25 mm. behind the level of the nerve ring in 
both sexes. 

The posterior extremity of the male is spirally coiled and ter¬ 
minates in a conical tail 0*4 mm. long.. Caudal alae are practically 
absent (Fig. 31). There are four pairs of symmetrically placed 
sessile precloacal papillae and six pairs of sessile postcloacal 
papillae; the posterior three pairs of these are arranged slightly 

* Seme ” is the Zulu name for the Giant Bustard. 
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closer to each other than the anterior three pairs. The two spicules 
are massive and slightly unequal; the left is 0*354 mm. long by 
0*32 mm. wide at its base and the right is 0*24 mm. long and 0*045 
mm. mide and terminates in a broad, rounded and alate tip. A 
gubernaculum is absent. 



Fig. 31 .—Acauria setnei sp. nov. Posterior extremity of male, lateral view. 


In the females the vulva is situated towards the posterior end 
of the body, about 1*6 to 2 mm. from the anus (Fig. 32); it leads 
into an elongate vagina 1*0 to 1*2 mm. long by 0 12 to 0 14 mm. 
thick, which is more or less straight and passes obliquely forwards. 
The uteri extend forwards and are filled with numerous smooth, 
oval and embryonated eggs measuring 0*043 to 0*045 mm. long by 
0*024 to 0*026 mm. broad. The tail is conical, about 0*26 mm. 
long and is sharply bent dorsalwards, giving the end of the body 
a hooked appearance. 



Fig. 32 .—Acuaria semei sp. nov. Posterior extremity of female. 

AffinitAes ,—^The great length of the cordons distinguishes this 
species from all the known members of this genus except from A. 
lata Maplestone, 1931. Maplestone’s species differs, however, in 
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that the cordons do not extend quite so far back, bein<j[‘ about three- 
quarters of the body length, and its vulva is situated just behind 
the mid die of the l)ody. 

Specific diagnosis. —Acuariinae reaching a length of 12 mm. in 
the male and 19*5 in the female. Four pairs of very long cordons, 
extending to near the cloaca and vulva in the two sexes respectively. 
Caudal alae practically absent in the male. Four pairs precloacal 
and six pairs |)ost(*loacal papillae, all sessile. Spicules short and 
stout, right s})icule 0.24 mm. long and terminates in a broad rounded 
tip; left sj)icule thinner, 0*354 mm. long. Vulva near posterior 
end, about two mm. from tail tip. Vagina straight, passes obliquely 
forwards. Uteri direeled anteriorly. Tail bent sharj)lv dorsal- 
wards. Eggs oval, smooth and embryonated in ntcro. 

Host: Choriotis lori (Burch.) 

Location : Under gizzard lining. 

hocalitg : Northern Transvaal. 

Types in the Onde! stepoort llelminthological Collection. 


(dhcilospirnra grnveJi ((fendre, 1913) Cram, 192T. 

This species was represented by two males and one female 
recovered from under the gizzard lining of a francolin (Pternistes 
swainsoni) (A. Smith) shot at Onderstepoort. The female was 32 
mm. long, its cuticular cordons 0*72 mm. long and its eggs 
measured 0*03() by 0*023 mm.; the two males were 10 and 11 mm. 
long and their s|)icules measures 0*6 and 0 12 and 0*53 and 0*144 
mm. for the left and right respectively. In all other respects the 
writer’s material agreed with the data given by Cram (1927). 


HistioccpJialvs choriotidis sp. nov. 

Three mature specimens of this s])e(‘ies weie recovered from 
under the gizzard lining of a Giant Bustard; unfortunately only 
females were pieseut. 

The specimens are brownish red and are attenuated towards 
both extremities: two of the specimens were each 12 mm. long by 
0*30 and 0*39 mm. thick respectively, the third specimen was too 
coiled for measuring. 

The mouth is bounded by four lips, the two laterals l)eing 
relatively large and rectangular with their free margin indented, 
and the dorsal and ventral being small and pointed (Fig. 33); the 
lateral lips are about 0*03 mm. high and 0*09 mm. broad; pos¬ 
teriorly each carries a chitinous flange which is cut up to form six 
appendages each terminating in one to four projections; each 
appendage is from *042 to 0*045 mm. long. Each dorsal and ventral 
lip carries two large i)apillae lateral and behind their bases. A 
constriction encircles the body behind the head, and immediately 
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posterior to this groove the cuticle is inflated to form a collar about 
0 075 mm. long by 0*165 mm. across; the collar is supported by a 
number of external longitudinal cuticiilar ridges. The mouth leads 
into a pharynx which is laterally compressed; it is about 0*06 mm. 
deep, its internal diameter about 0*027 mm. and its cuticular wall 
has a thickness of about 0*003 mm. No teeth were observed on the 
inner surface of the lips. 



I 0 / MTTV. I 

Fig. 33 .—Histiocephalns vhorlofulifi sp. nov. Anterior extremity. 


The oesophagus is relatively long and consists of an anterior 
muscular and a posterior glandular portion; the former is about 
0*54 mm. long and increases in diameter from 0*06 to 0 078 mm.; 
the nerve ring encircles it about 0*22 mm. behind its anterior end; 
the glandular oesophagus is from 3*5 to 3*7 mm. long by ()12 to 
0*2 mm. in diameter. 

The vulva is a rounded non-protuberant aperture situated in 
the oesophageal region, 2 to 2*25 mm. from the anterior end; the 
details of the vagina and uteri could not be made out as they were 
obscured by the numerous eggs; the initial i)ortion of tlie vagina 
has a diameter of 0*07 mm. and the remaining portion of it appears 
to be long and undifferentiated. The eggs are oval, smooth, thick- 
walleil end embryonated in uiero\ they measure 0 054 to 0*057 mm. 
long by 0*039 mm .thick and the shell has a thickness of nearly 
0*003 rnm. The tail is short and conical and is from 01 to 0*12 
mm. long. 

Ajjinities .—Only two species of nematode have been assigned to 
this genus with certainty, namely H, laticavdatus (Bud., 1819) and 
H. tridens Gendre, 1912, both having been recovered from Otidiform 
birds. The female of the species described above appears to be 
closely related to both these species, but differs from the former in 
having 12 cuticular appendages instead of 20 to 24 and from the 
latter in that the lips are not trilobeit'and the appendages do not 
terminate in single points. 
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Specific diagnosis .—Scliivstotrophinae reaching* 12 inm. in 
length, possessing six cuticnlar appendages behind each lateral lip, 
each appendage teririinating in one to tour points. Oesophagus 
over one-third of total body length. Vulva in oesophageal region 
2*0 to 2*5 mm. from anterior end. Tail short and bluntly conical. 

Host: CJion'oi is kori (B urch.) 

Location : Tinder gizzard lining. 

Locality: Northern Transvaal. 

Ty])es iji the Ondeistepoort Helminthological Collection. 


Tr t ch u ris vo ndire i* s]). nov. 

One of two cane rats, sent alive to this institute, was on post 
mortem found to liaiTiour fiv(‘ male and six female specimens of the 
above species; only iwo of the females appear 1o be mature and 
contain fully develojied eggs. 

The thickened portion in the males is from lo to 1(J mm. long 
with a maximum iliickuess of 0*dd(> mm. for the smallest to 0*432 
mm. for tlie largest specimens; in the two matuie females these 
measui*ements are respectively Ki and 20 mm. in length by 0*58 and 
0’()2 min, in breadth. The posterior extremity of tlie male is 
bluntly rounded and caj*ries a cone-like papilla on eithei* side (Fig. 
34); in the feinab* the posterior end is pointed. 



Fig. 84 .—Trivlmris lanidwci si'>. nov. Postei-ior extremity of male. 

The spicule varies in length from 1*98 to 2*58 mm. and is 
completely retracted in all the males; its proximal end, just behind 
its head, has a diameter of 0*057 to ()’069 mm.; posteriorwards it 
becomes thinner until about 0*1 mm. from its tip it has a thickness 
of 0*02 to 0*025 mm.; immediately posterior it enlarges to a thick¬ 
ness of 0*03 to 0*035 min. and then suddenly becomes narrower to 
form a bluntly rounded tip 0*0() to 0*07 mm. long; this sudden 
narrowing of the spicule tip gives the spicule a characteristic shape 
which is constant in all five the males. The si)icular sheath is 


* “ Vondwe ” is the Zulu name for tlie Cano Rat, 
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retracted in all the males, and in this position is from 0*78 to 0*96 
mm. in leng‘th; it is densely covered by fine spines which are longest 
at its distal end, i.e. if the spicule was fully everted the largest 
spines would be nearest the bodj^ and the smallest away from the 
body. The cloaca varies in length from 18 to 2*27 mm. and is 
straight; the large spicular tube enters it about O G to 0*66 mm. 
from its proximal end; the distance from the proximal end of the 
spicular sheath to the entrance of the spicular tube into the cloaca 
varies from 0*43 to 0-69 mm. The ejaculatory duct is large and 
straight and measures from 6-5 to 8*14 mm. in length; a slight 
narrowing forms the junction between it and the vas deferens, whose 
wall is muct thinner and lumen larger; the vas deferens passes 
forwards, forming kinky loops, to just behind the level of the end 
of the oesophagu^^; in this kinked condition it occupies 4 () to 6*3 
mm. of the body length; the testis, which pass backwards dorsal of, 
and parallel to the vas deferens and ejaculating duct, is thrown into 
closely packed kinks up to about 0*15 nnn. from its distal end; 
this end position is straight and lies opposite the proximal portion 
of the cloaca. 

In the two mature females the vagina passes backwards for 6*9 
and 7*1 mm. respectively; it is wavy and its lumen carries no 
spines, but the cells lining its lumen are spike-like and these increase 
in robustness towards its jiosterior end; at its opening the lumen has 
a diameter of 0 06 mm., about one-third of its lengtJi down a diameier 
of 0*084 mm. and at its posterior end its diameter is 0*36 mm. A 
constriction joins the vagina to the smooth walled uterus which 
extends to the posterior end of the body and is filled with eggs. 

The eggs are oval and thick-shelled, and measures 0*06 to 0-.66 
mm. in length, including the jilugs, by 0*032 to 0*033 mm. in 
breadth. 

Ajfinities .—As the peculiar shape of the spicule tip was present 
ill all the five males, this character can be taken to be of specific 
significance. This shape of the spicule tip plus the kinked nature 
of the vas deferens, the presence of two caudal papillae in the male 
and the simple but wavy nature of the vagina separate this species 
from all the kUowm whip-worms from rodents and ruminants in 
wdiich these.organs have been described. Caudal papillae are also 
present in T, gazellae Gebauer, 1933, from Damagazelles, T. rriuru 
(Schrank, 1788) from various rodents and T. par iris Ortlepp, 
1937 Itom Goats, but in the former species the spicule is much 
longer (4*15 mm.) and in the second and last species much shorter 
(0*76,mm. and 0*85 to 1*07 mm. resjiectively). 

Specific diagnosis ,—Trichuridae with the thickened portion of 
the body up to 16 mm. long in the male and 20 mm. long in the 
female. Spicule well chitinized and 1*98 to 2*58 mni. long; tip 
cut out on one side and bluntly pointed. Two caudal papillae, one on 
either side of cloaca. Cloaca 1*8 to 2*27 mm. long and spicular 
tube enters it about 0*6 mm. from its proximal end. Spicular 
sheath with numerous small spines. “dBljaeulatory duct straight 6*5 
to 8*4 mm. long. Vas deferens kinked and occupies 4*6 to 6*3 mm. 
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of body. Vagina simple and wavy, with no spines but cells lining 
lumen are spike-like. Eggs 0*6 to 0*66 mm. long, including plugs, 
by 0 032 to O'033 mm. broad. 

Host: Thyronomys sirimderiamis rarieyatus Ptrs. 

Location: Large intestine. 

Locality: Zululand, Natal. 

Types in the Onderstepoort Helminthological Collection. 


Resume. 

In the preceeding pages the writer discusses twenty species of 
helminths of which fourteen are described as new. These are 
Hymenolepis conaoranti sp. nov ajid Coniracaecvm caTlislei sp. nov. 
from Reed Cormorants: Idiogenes kori sp. nov., /. kolbei sp. nov. 
Suhuhira otidis sp. nov., Acuaria scmei sp. nov., and Ilistiocephalns 
choriotidis sp. nov. from a (liant Bustard; Habronema numidae 
sp. nov. from a guinea fowl; Halrrovema ficheuri var. ehrnii nov. 
from a Black-shouldered Kite; Porrocaecum spathulispiculurn sp. 
nov. from an unidentified bird; Raillictina, fS.L.) thryonoinysi sp. 
nov. and Tricliuris vond/wei sp. nov. from Cane Rats; Coopenodes 
hepaticae sj). nov. from an Inipala and Triclwnema (Cylicocyclus) 
gyalocephaloides sp. nov. from a Zebra. 
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Sulphur Metabolism. VI.—The Effect of Various 
Levels of Fats and Proteins in the Ration 
on the Toxicity of Elementary Sulphur, 


By J. II. KELLERMANN, Section of Biochemistry, Onderstepoort. 


Lewis anij Lewis (1927) have found that the incorporation of one 
per cent elementary sulphur in the milk powder-starch diet of 
Sherman and Merrill (1925) and in the low protein diet of Osborne 
and Mendel was definitely toxic*. With a few exceptions, the livers 
of the ]*ats which died showed a marked peripheral zonal necrosis. 
However, these authors found that the rats on the Osborne-Mendel 
diet were more resistant to the toxic effects of sulphur than were 
those on the Sherman-Merrill ration. The former diet is richer in 
fats and proteins than the latter* and the authors expressed the 
opinion that the lower toxicity of sulphur in the Osborne-Mendel 
diet nii<>'ht he due to its higher fat and protein contents. Their 
suggestion is that the fat probably forms a coating around the 
sulj)hur partic'les which either prevented thenr from coming into 
intimately close c-ontact with the intestinal mucosa or the bacterial 
action on them is thereby reduced. Furthermore, the higher protein 
level might lead to a better state of nutrition and lienee a greater 
I’esistance to the toxic action. This sujiposition, as far as the writer 
is aware, has never been put to the test, and it was the object of 
the following experiments to determine its validity. 

ExrEUIMENTAL. 

Young rats of the Wistar strain were used in these experiments. 
They were ecjually divided amongst the various groups with respect 
to litter, sex and weight. Each animal was kept in a separate cage 
on a raised screen bottom. In addition to the distilled water, to 
which the animals always had free access, each rat was fed daily its 
particular ration ad lihifuni with recorded food consumption for 
the experimental period. Owing to the slightly acid nature of the 
yeast extract on starch, to be described later, the diets rapidly 
developed a rancid odour. In order, therefore, to prevent lancidity 
in these diets, the yeast extra(*t was withheld from the bulk of the 
diet and intimately mixed with each day’s supply as practised by 
(jallup and Reder (1935). The composition of the rations is given 
in Table I. 

The basal diets contained all the dietary essentials known. The 
vitamin B complex was given in the form of an extract prepared 
from brewers’ yeast according to the method of Itter, Orent and 
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Table I. 


Composition of Rations in Percentage by Weight, 



Low 

Protein. 

High 

Protein. 

Low 

Pat. 

High 

Pat. 

Vitaminized starch ”.. 

10 

10 

10 

10 

10 

10 

Dextrinized starch. 

44-7 

15 

49 

43-6 

31*4 

26 

Casein. 

10 

40 

20 

20 

20 

20 

Sucrose. 

12 

12 

12 

12 

12 

12 

Salt 40. i 

4*5 i 

4-5 

4-5 

4-5 

4-5 

4-5 

Agar. 1 

2-5 1 

2-5 

2-5 

2-5 

2-5 

2-5 

Cod-liver oil.,.... 

: 1 

1 

2 

2 

2 

2 

Elemeiitarv sulphur. 

: ^ 

3 

— 

3 

— 

3 

Lard. 


— 

— 

2*4 

17-6 

20 

Butter fat.. 

i 1- 


— 

— 

— 

— 

1-cystine. 

0-3 ; 

— 

— 

— 

— 

— 


MeCalliim (1985). This extract was evaporated on dextrinized starch 
siibsequentiy, designated ‘‘vitaminized starch One gram of this 
starch was equivalent to 0*5 g. of yeast. The composition of Salt 40 
was similar to that of Steenhock and Nelson (1923) as modified by 
Keenan and others (1933). However, in order to obtain a sulphnr- 
free salt mixture the magnesium and manganese sulphates were 
replaced by equivalent amounts of their carbonate forms and the 
(^UvSO^ • SILO by (*u])ri(' acetate. In addition to lai’d the ehecds of 
biitterfat, beef dripping (M.P. 43-49^ C.) and olive oil on the toxicity 
of elementary sulphur were studied. The rations containing these 
fats were identical in every respect to the lard ration exc'cpt ihat the 
latter was replaced by an equivalent amount of these various fats, 
rurthermore, all the high fat diets with and without the addition 
of elementary sulphur were made equicaloric by replacement of some 
of the starch by isodynamic quantities of fat.* Similarly, the low 
fat diets, with and wdthout added sulphur, were made isocaloric and 
the same ajiplied for the low and high protein rations. After the 
rats had l)een on experiment for eiglit weeks they were killed by a 
blow on the head and various organs immediately removed and pre¬ 
served in a formalin solution for histopathological examination. 

The results obtained on the low and high protein rations are 
presented in Tables II, III, and IV. Table II gives the original 
results. Table III the means and Table lY the analysis of variance. 
From Table IV it is clear that the growth-promoting value of the 
low protein ration wuis significantly greater than that of the high 
protein one; fhe probability P being *01. This observation substan¬ 
tiates, therefore, the results of Osborne, Mendel and Ferry (1919), 
Mitchell (1923-24), St. John and others (1934), Chick and co-workers 
(1935) and Basu, Nath and Mukherpee (1937). However, the growth- 
promoting values for males and females were not significantly 
different and there was no interaction of sex with the protein content 
of the ration. 

* The energy values of the diets were calculated on the basis of 4*0 Cal. 
per gram for the carbohydrates and casein, and of 9-0 Cal. per gram for the 
various fats and oils. 
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Table II. 

The growth-promotiiig values of sulphur supplemented rations low 
and high vn proteiri content as determined hy the method of 
Oshornej Mendel and Ferry (1919). 


Period : 8 Weeks. 




Total 

Protein 

Weight 

Ratio 
w/p (or 
G-P 

Ration. 

Sex. 

Food 

consumed. 

increase. 



eon.sumed. 

P. 

W. 

value). 




g- 

g- 


Low Protein (8-5 j)er cent.). . 

Male 

363 

30-85 

69 

2-24 

Male 

265 

22-52 

27 

1-20 


Male 

396 

33-66 

76 

2-26 


Female 

371 

31-54 

72 

2-28 


Female 

322 

27-37 

41 

1 - 50 


Female 

292 

24-82 

34 

1-37 

Higli Protein (34 per cent.).... 

Male 

316 

107-4 

64 

0-06 

Male 

417 

141-8 

106 

7-75 


Male 

298 

101 -4 

59 

0-58 


Female 

321 

109-1 

66 

0-60 


Female 

1 302 

102-7 

45 

0-44 


Female 

j 283 

96-23 

i 40 

0-41 


Table III. 




M can 

G ro ir t h-p ro ino t in g 

Values. 






\ 

Males. 

I Females. 

Total. 

TiOw Protein. 



1-9 

1-72 

1 1-81 

High Protein. 



0-64 

0-48 

0 - 56 

Total. 



1-27 

1-1 

1-19 

. ... 







Table IY. 


/I n a I ys is of V a r la / / c e . 



D.F. 

S.S. 

M.S. 

SJ). 

Log,, 8.D. 

Z. 

Low protein t'-s, high pro- 

1 

4-6501 

4-6501 

2-156 

0-7682 

1 - 6895 

tein 

Males \)s. females. 

1 

0-0884 

0-0884 


— 

— 

Interaction. 

1 

0-0004 

0-0004 

— 

— 

1 

Error. 

« 

1-2578 

.. 1 

0-1582 

0-398 

-0-9213 

— 

Total. 

11 

5-9967 1 






From Fisher’s (1032) Table of “ z ” : 

at/>= *05 Eit p — -01 
For = 1 2 = 0 -8355 1-2106 

7J-2 — 8 

Hence this value of z is significant at P — -01. 
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SULPHUR METABOLISM. 

The results obtained on the low and hi"h fat rations are given 
in Tables and VI. 


Table V. 


Effect on Efficiency Quotient of adding d per cent. Elementary 
Sulphtir to Synthetic Rations of Various Fat and Frotein 
Content. Period 8 Weeks. 


Ration. 

Supple¬ 

mented 

with. 

Number 

of 

Rats. 

Sex. 

Mean 

Gain. 

Mean 

total 

food. 

Moan 

eflfieieney 

quotient. 

Low fat. 


3 


143-5 

670-5 

3-2 

Low fat. 

— 

3 

? 

98 

673-5 

5-41 

Low fat.. 

Sulphur 

3 

d 

102 

554 

4-65 

Low fat. 

Sulphur 

3 

9 

46-8 

383-6 

6-29 

High fat (lard). 

— 

6 


107-7 

402-6 

2-88 

High fat (lard). 

— 

6 


85-5 

395-7 

3-88 

High fat (lard). 

Sulphur 

3 


66 

355 

4-4 

High fat (lard). 

Sulphur 

3 

$ 

55-7 

306-3 

5-46 

High fat (butter). 

Sulphur 

3 

d 

82 

347 

3-45 

High fat (butter).. 

Sulpliur 

3 

o 

■1 

66 

324-3 

4-62 

High fat (dripping), s.... 

Sulphur 

3 


83 

352-3 

3-63 

High fat (dripping). 

Sulphur 

3 


64-7 

331-2 

4-91 

High fat (olive oil). 

Sulphur 

3 

6 

72-3 

312-7 

3-87 

High fat (olive oil)...... 

Sulphur 

3 

9 

59-3 

313-5 

5-25 

All males . 

_ 

24 

_ 

93-8 

427-7 

i 3-62 

All females . 

— 

24 

— 

68 

389-7 

! 4-96 

All low fat diets. 

— 

12 

C? & 9 

97-6 

570-4 

1 4-89 

All high fat diets. 

— 

36 

9 

74-2 

.344-1 

4-10 

Low fat diets . 

— Sulphur 

6 

d & 9 

120-7 

672 

4-30 

Low fat diets . 

+ Sulphur 

6 

d & 9 

74-4 

468-8 

5-47 

High fat diets. 

— Sulphur 

12 

(?& 9 

96-6 

399-1 

3-38 

High fat diets. 

Sulphur 

24 

9 

68-6 

330-3 

4-45 


Table V gives the mean values and Table VI the analysis of 
variance of the efficiency quotients. The data in the latter table 
show that the efficiency quotients, (;alculated according to the method 
of Palmer and Kennedy (1929)"^ of the males were significantly better 
than those of the females. The probability P was 01 which substan¬ 
tiates the results of Palmer and Kennedy (1931). On the high fat 
rations efficiency quotients were obtained that were significantly 
superior (P^ *01) to those on the low" fat rations. This result might be 
expected in view of the great dift'erence in caloric value between the 
tw"o types of diet. Within both low and high fat rations the addition 
of elementary' sulphur significantly lowered the animals’ efficiency 
to utilize their food; the jirobability P being *01. The lower food 
consumption on the Sulphur rations might have contributed to the 
inferior utilization of food inasmuch as Palmer and Kennedy (1931) 
found that a restriction of food intake low^ered the* index of food 
utilization. However, the efficiency quotients on the butterfat, lard, 
dripping and olive oil rations w-ere not significantly different, and 
the same w^as true for the interaction of sex with the various fats. 


* The drj^ matter only, not the digestible--dry mattipr, was used in these 
calculations. 
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Table VI. 

Analysis of Varinnce of Efficiency Quotients. 



D.F. 

1 8.8. 

M.8. 

S.D. 

Loge S.D. 

Z. 

Male vs. female. 

1 

21-6008 

21-6008 

4-648 

1 

1 1-5364 

2-0540 

1 ^ 0 w fat vs. high ftit... 

1 

5-6486 

5-6486 

2-377 

! 0-86.58 

1-3834 

Within low fat: Sulphur 

1 

4-09.50 

4-0950 

2-024 

0-7051 i 

1-227 

vs. no S. 







Within high fat : S. vs. 

1 

9-1022 

9-1022 

3-017 

1-1041 

1-627 

no 8. 





1 


Within 8. butter vs. lard 

3 

2-6819 

0-8940 

0-946 

--0.555 

0-4621 

vs. dri})ping vs. olive 





1 ■ i 


oil 





i i 


Between all fats. 

fi 

21-5277 

3-5879 

1 - 894 

1 0-6387 ! 

1 -1.563 

InteractioM of sex wuth 

6 i 

1 - 8009 

0-3002 

0-548 

I [ 

— 

fats 







Treatments. 

13 

44-9294 

3-4.561 

1-8.59 

i 0-6201 

1-1377 

Error. 

34 

12-0773 

0-3552 

0-.596 

-0-5176 : 

— 

Totat. 

47 

57-0067 






From FiHlier’H (1932) Table of;:: 


at P = 0-5 at P = -01 


for -- 1, 

II., 

- 30, 

3 ^ 

0-7141 

1-0116 

— 3, 

ih. 

- 30, 

Z — 

0-.5632 

0-7.531 

= 6, 

//2 

30, 

z 

0-4420 

0-6226 

- 1-’. 


-- 30, 

2 

0-3691 

0-5224 


A comparison of tlie z values from the above table, with these eriterions indicate 
that all, exeej)t the “ Butter iw. lard vs. dripping rs. olive oil ” 2 -, are significant at P -- *01. 


On the M’liole, the histopathological changes noted in the livers 
of rats fed the various diets, with and without the addition of 
elementary sulphur, did not vary mucli from those seen in the livers 
of normal animals. The most coininon observations were fatty 
(dianges wliich varied from slight to faiily advanced and dihuse. 
The kidneys of the animals on the low and high protein rations were 
also examined. However, except for slight fatty changes, these 
organs did not show any constant pathological changes, and one is 
therefore led to the conclusion thal elementary sulphur has no dele¬ 
terious effects on tlie structure of livers and kidneys, whitdi is most 
probably also true for all other organs of rats as long as the animals 
are fed a ration that contains all the essential constituents for 
growth. 

Si MM ARY. 

1. The extent to whiidi vaiious levels of faks and proteins in 
rations could influence the effects of elementary sulpliur on rats as 
judged from growth, food utilization and pathological lesions, was 
studied. 

2. The growth-promoting value (gain per unit protein consumed) 
of the low^ protein ration was significantly greater than that of the 
high protein diet. 

3. On the same ration the males utilized their food significantly 
better than the females. 


Ill 
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4. Within both low and high fat rations the addition of 
elementary sulphur significantly lowered the animals’ efficiency of 
food utilization. 

5. Irrespective of the fat and protein contents of the diets the 
livers and kidneys of the sulphur fed rats, as compared with those 
of the control groups, did not exhibit any constant pathological 
changes. 
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Sulphur Metabolism. VII.—The Effect of the 
Acid-Base Balance of the Ration on the 
Toxicity of Elementary Sulphur. 


By J. 11. KELLEIIMAXN, Section of Biochemistry, Onderstepoort. 


Elementary suli)hiir, when absorbed l)y the animal organism, is 
eventually excreted in the urine primaiily, if not entirely, as 
sulphates. [Denis and Heed (1927), and Kellermann (1935)] : 
Evidently then, through the oxidation of sulphur, a laige amount 
of acid is formed in the system. For instance, results (unpublished) 
obtained at this Institute show that 50 per cent., and even more, of 
elementary sulphur, when incorporated in the rations at a three j)er 
cent, level, can be absorbed. On this basis the sulphur in every 
100 g. of food can give rise to about 930 c.c. of 01 N. acid which, 
together with the acid- and base-forming elemenis in the rest of the 
food will naturally determine the ultimate acid-base balance of the 
diet. 

From the results of various investigators | (ioss and Schmidt 
(1929), ilitchell and Miller (1931), and Lamb and Evvard (1932] it 
appears that the gjowth and reproduction of rats and pigs are not 
materially affected by diets witli strongly acid-forming‘ potentialities. 
Furthermore, Steeiihock, Nelson and Hart (1914) observed that calves 
can tolerate large amounts of acid (220-500 c.c. N.H(3) without any 
ill eifects. Similar results were obtained with dairy cows. 

On the other hand, Addis, Mackay and Mackay (1926-27) found 
that by adding 2 grams of CaCL to every 98 grams of control diet 
“ the acid diet rats at first grew almost but not quite as quickly as 
the controls but fi'om about the 120th day of age they ceased to gain 
and thereafter tended slowly to lose in weight. The food graph 
reveals the paradoxiciil circumstance that not only is this not to be 
explained by the insufficient food supply but that on the contrary 
the inhibition of growth and failure of maintenance occurs in spite 
of a food intake which considerably exceeds that of the controls.’’ 
Similarly, Comes (1934), (1936) observed that the ad ministration 
of not only acid but also alkaline diets (-aused a retardation in the 
growth of rats. Takahashi (1936) found that the feeding of sulphur 
to rats, pigeons, rabbits, guinea-pigs and frogs, for 2 to 3 months, 
produced severe acidosis and typical calcium metastases. 

If, then, a diet is already potentially acid, which is likely and 
no doubt often the case in the nutrition of pigs, dogs and human 
beings, the incorporation of elementary sulphur may so enhance the 
potential acidity of the ration that it may prove detrimental fo the 
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growth and well-being of the individual. Therefore, in order to test 
this assumption experiments were conducted in which the toxicity 
of elementary sulphur in relation to the potential acidity and 
alkalinity of the ration was studied. 

Experimental. 

Young white rats were used in these experiments. The experi¬ 
mental procedure was tlie same as previously described (Kellermann, 
1938, 2) with the only difference that the food was given in a moist 
instead of a dry form. In some groups, as shown in Table III, the 
food was moistened with fresh orange juice and in others with dis¬ 
tilled water. Orange juice was selected on account of its alkalinizing 
properties as sho>vn by Say well and Lane (1933), Schuck (1934) and 
Clouse (1935). Furthermore, it was considered of interest to ascer¬ 
tain whether plant juices, with orange juice as representative, possess 
any specdic properties in luodifying the effects of suli)]iur as judged 
by the growth and other peid'ormances of the animals. In eacdi case 
2 c.c. of fluid was added to every gram of food and mixed thoroughly. 
Enough orange juice to last for a few dayjt was squeezed out, strained 
and kept in a refrigerator. The dry matter of each batch so prepared 
was determined immediately and a re(‘ord kept of the interval each 
batch wuis fed. Tlie total amount of orange juice (dry) consumed 
added to that of the corresponding ration eaten constituted the total 
food intake for the experimental period, 

InasTnuch as the results in the literature are not incontrovertible 
with respect to the effects of acid- and hase-fo]'miiig diets on growth 
and structure, it was necessary to feed smdi diets witli and without the 
addition of suliDhur in order to be able to distinguish between the 
effects of sulphur and those of the basal diets as such. The compo¬ 
sition of the basal rations is given in Table I. 

Table I. 


Coin 1 ) 0 sltiori of Rations in PeTcentacfe hy Weight. 



Acid-forming Diet. 

Base-forming Diet. 

“ Vitaminized starch ”. 

10 

10 

10 

10 

Dextrinized starch. 

39 5 

34-1 

.33-2 

27-8 

Casein. 

20 

20 

20 

20 

Sucrose . 

12 

12 

12 

12 

Butter fat. 

12 

14-4 

14-8 

17-2 

Agar. 

2 1 

2 

2 

2 

Cod-liver oil. 

1 

1 

1 

1 

Elementary sulphur. 

—. 

3 


3 

Acid salts... 

3-5 

3-5 

_ 

_ 

Basic salts.. 

_ 

_ 

5 

5 

Sodium bicarbonate..... 

— 

— 

2 

2 


The vitaminized starch ’’ was prepared as described previously 
(Kellermann, 1938, 2) and the composition of the acid and basic salt 
mixtures is given in Table II. The acid and base equivalents of the 
basal acid- and base-forming diets were 316 6 c.c. N/10 acid and 
2e35-5 c.c. N/10 alkali, respectively, as determined bv the method 
of Davidson and LeClerc (1935). — 
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Tarle II. 


Composition 


CaCOg. 

NagPO^. 

CaHP04.2H2 0 

NaCl. 

KCl. 

MgCla.eHaO.... 

Iron citrate. 

MgCO.,. 

MnOlg. 

KI. 

ZnCU. 

CuCl2“.2H20.... 


Totals 


of Acid and Basic Salt 


Af ixtures 


Acid 

Salt 

Mixture. 

Basic 

Salt 

Mixture. 


1-627 

— 

2-781 

2-8 

— 

0-3 

0-3 

0-2 

0-2 

0 16 

— 

0-08 

0-08 

— 

0-0662 

0-0058 

0-0058 

0-0023 

0-0023 

0-0007 

0-0007 

0-0005 

0-0005 

3-5493 

5-0635 


* Roughly 3*5 g. of the acid salt mixture is equivalent to 5-0 g. of the basic mixture 
in so far as the metals, except sodium, are concerned. 


Table III. 

Comparison of Efficiency Qi(otieiits of JCits fed Arid- and Base- 
Forminy Diets trith and icithovt the addition of 8 per cent. 
Elementary Sulphur and Oranye Juice. Period, 8 11 rp/i-s*. 


I 

Ration. I 


Supplemented with. 


Acid. 

_ 

_ 

Acid. 

— 

— 

Acid. 

— 

Orange juic^e 

Acid. 

— 

Orange juice 

Acid. 

Sulphur 

— 

Acid. 

Sulphur 

— 

Acid. 

Sulphur 

Orange juice 

Acid. 

Sulphur 

Orange juice 

Alkaline.... 

— 

— 

Alkaline.... 

— 

j — 

Alkaline.... 

— 

Orange juice 

Alkaline.... 

— 

! Orange juice 

Alkaline.... 

Sulphui- 

— 

Alkaline.... 

Sulphur 

— 

Alkaline.... 

Sulphur j 

Orange juice 

Alkaline.... 

Sulphur 1 

Orange juice 


All acid diets. 

All alkaline diets. 

All sulphur diets. 

All no-sulphur diets. 

All no-orange juice diets 
All orange juice diets... 

All females. 

All males. 


Number 


Mean 

Mean 

Mean 

1 of 

Sex. 

Gain. 

total 

Efficiencv 

Rats. 



Pood. 

Quotient. 



g- 

g- 


3 


89-3 

464-3 

4-78 

3 


61-3 

401-3 

7-26 

3 


97-3 

453-0 

4-31 

3 

V' 

72-3 

447-0 

6-39 

3 

c? 

79-7 

392-3 

4-85 

3 

9 

45-7 

324-3 

9-14 

3 


82-7 

412-7 

4-90 

3 

? 

64-3 

432-9 

7-33 

3 

c? 

118-3 

494-3 

3-35 

3 

? 

68-7 

416-0 

6-06 

3 

i ^ 

129-3 

.557-0 

3-43 

3 

9 

80-3 

446-8 

. 5 .57 

3 

6 

91-3 

427-0 

4-26 

3 

? 

60-7 

383-2 

6-63 

3 

c? 

119-3 

540-0 

3-69 

3 

9 i 

70-7 

421-5 

6-26 

24 

S & ? 

74-1 

416-0 

6-12 

24 

^ ? 

88-6 

460-7 

4-91 

24 

c? & $ 

76-8 

416-7 

5-88 

24 

c? & ? 

89-6 

459-9 

5-15 

24 

? 

76-9 

412-8 

5-79 

24 

c? & $ 

89-5 

463-9 

5-24 

24 

$ 

65-5 

409-1 

6-83 

24 

6 

100-9 

467-6 

4*20 
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All four diets were made equicaloric by replacement of some of 
the starch by isodynamic quantities of fat.* After the rats had been 
on experiment for 8 weeks they were killed by a blow on the head 
and various organs immediately removed and preserved in a formalin 
solution. 

Table IV. 

Analysis of Variance of Efficiency Quotients. 



D.F. 

S.S. 

M.S. 

S.D. 

Logo 

S.D. 

Z. 


rAcid or Alkaline. 

1 

—t 

17*6540 

4*202 

1*435 

l-282tt 


Sulphur vs. no Sulphur. 

1 

— 

6 *.5940 

2-.5.59 

0-940 

QC 


Orange juice vs. no orange 

1 

— ■ 

3-7130 

1*927 

0*6.56 

0*.503 


juice 








Male vs. female. 

1 


83*2924 

9*126 

2*212 

2*0,59tt 


First Order Interactions. 

— 



— 

— 

— 


Acidity vs. splphur. 

1 

— 

0*2067 



-- 


Acidity vs. orange juice. 

1 

— 

0*.5830 

- 

— 

— 


Acidity vs. sex. 

1 


0*4200 

— 



Treats 

Sulphur vs. orange juice. 

I 


0*1622 

_ 

—. 

— 

15 D.F. 









Sulphur vs. sex. 

1 

— 

0*9605 

— 

— 



Orange juice vs. sex. 

1 

— : 

i 1*3101 , 



— 


Second Order Interactions— 









Acid vs. Sulphur vs. orange 

1 








juice 



Up to this xioint the 

S.S. total — 115. 


Acid vs. Sulphur vs. sex. 

1 


Since all Treats S.S. 

= 117 

3, only 





2*3 

is left for the remaining 

5 D.F. 


Acid vs. orange juice vs. sex.. 

1 


> Even if all this is allotted to a par* 





ticular D.F. it would 

be insignificant. 


Sulphur vs. orange juice vs. sex 

1 


The 

remaining S.S. 

need therefore 





not 

to be calculated and apportioned. 


Third Order Interactions— 









Acid i)s. Sulphur vs. orange 

^ 1 








^ juice vs. sex 








Error 
Total 

From Fitther’s (1932) Table of Z:— 

For = 1, = 30. 

And hence the significance of the Z’s is as above. 


32 42-1010 1 *351^1) M65 

47 159*4498 


0*1.53 


At P = ^ 
Z = 0*7141 


A T P ^ *0L 
1*0116 


t Denotes significance at P = *06. tt Denotes significance at P = *01. 

t These S.S. values are the same as the M.S. values in the next column since D.F. 
in each is unity. They have only been omitted to avoid duplication. 

* The energy values of the diets were caloulated as described in the 
previous article. 
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The results obtained on the acid and alkaline rations are given 
in Tables III and IV. Table III gives the mean values and Table 
IV the analysis of variance of the efficiency quotients. The data in 
the last table show that the efficiency quotient, calculated according 
to the method of Palmer and Kennedy (1929),* of the males was 
significantly superior to that of the females; the iirobability P being 
•01. Similaily, the efficiency index on the base-forming rations was 
significantly better‘ than that on tlie acid-forming ones at probability 
P-=-01. (Consequently this observation substantiates the results of 
various authors already quoted in the introduction. Furthermore, the 
efficiency quotient on the basal lations was significantly better than 
that on the diets supplemented with elementary sulphur ; the prob¬ 
ability P being *05. The lower food consumption on the sulphur 
rations might have contributed to the inferior utilization of food 
inasmuch as Palmer and Kennedy (1931) found that a restriction of 
food intake lowered the index of food utilization. 

Likewise, even greater effects on the efficiency index were pio- 
duced liy sulplnir when added to synthetic rations of various fat 
content (Kellermann, 1938, 2). However, the addition of sul]diur to 
a stock ration had no such infiuem-e on food utilization no matter 
whether equalised food consumption (Kellermann, 193()) or (id 
lihihmi, recorded food consumption (Kellermann, 1938, 1) was prac¬ 
tised and it seems, therefoi'e, that the stock ration was more effective 
in counteiac ting the detrimental effects of suliihur on food utilization 
and subseiiuent growth than the synthetic diets used under the 
experimental conditions. 

There was no significant difference between the diets with and 
without orange juice. The same held for all interactions and by 
stating, tor example, that there was no significant interaction of the 
acid-base balance with sulphui% is meant that the difference between 
acid- and base-foi'ining rations is relatively the same in the piesence 
or absence of sul])liur. 

ITisto])athological examination of the livers showed no unusual 
changes no matter wliether the acid- and base-forming diets weie 
supplemented witli elementary suli)hur and orange juice or not. The 
fatty (dianges noted varied somewliat in degree and distribution not 
only in the various diet groups, but also in individual rats kept on the 
same diet. However, these changes did not differ much from those 
encountered in the livers of rats fed a normal ration, and it can, 
therefore, be concluded that, under the experimental conditions, the 
feeding of avid- and base-forming diets, with and without the addi¬ 
tion of elementary sulphur, had no ill-effects on the (‘ell structure 
of the liver. 


Summary. 

1. Data are presented on the relation of the acid-base balance of 
the ration to the effects of elementary sulphur on food utilization 
and the well-being of rats. 

* The dry matter only, not the digestible dry matter, was used in these 
(calculations. 
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2. The efficiency quotient on the base-fonning rations was signifi¬ 
cantly better than on the acid-forming* ones, and the addition of 
elementary sulphur to these rations significantly lowered the efficiency 
index on both base- and acid-forming diets. 

3. The efficiency quotient of the males was superior to that of 
the females. 

4. No interaction between diets or between sex and diets 
appeared to be significant. 

5. No pathological changes could be found in the livers of rats 
fed the various acid- and base-forming rations no matter whether 
they were supplemented with elementary sulphur or not. 
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Sulphur Metabolism. Vlll.—The Effect of In¬ 
complete Rations on the Toxicity of 
Elementary Sulphur. 

By J. H. KELLERMANN, Section of Biochemistry, Onderstepoort. 


In a previous investigation the author (1938, 1) found that, although 
the incorporation of elementary sulphur in a stock ration slightly 
reduced food consumption and growth, it had no effect on food 
utilization. Furthermore, the feeding of sulphur had no appreciable 
influence on tlie cell stiuicture of internal organs such as the liver 
and Ividneys. TJiis was true no matter whethei’ the rations differed 
widely in their axnd- and base potentialities (Kellermann, 1938, 3) 
and in their tat and protein contents (Kellermann, 1938, 2) and the 
findings do not supiiort, therefore, the observations of Lewis and 
Lewis (1927) who found a greater resistance in rats to sulphur poison¬ 
ing when ted the Oshorne-Mendel low cystine diet as compared with 
animals fed the diet of Sherman and Merrill (1925) in wdiich the 
concentratioris of fats and proteins were lower tlian in the Osborne- 
Mendel diet. These rations are not only deficient in cystine, but 
also low in proteins. The latter value in the Osborne-Mendel ration 
is about T'8 i)er cent, whereas that in tlie Sherman-Merrill diet only 
approximately 4 7 per cent. Howevei', in addition to their low 
cystine and protein values these diets are also low in certain other 
constituents. For instance, the Osborne-Mendel diet is low in the 
vitamin B-complex whereas the vSherman-Merrill diet is low in 
mineral sails (except NaCl) and the vitamin B. However, these 
authors found that the addition of amounts of cystine adequate to 
produce good gTowth^ did not alter the toxicity of the sulphur. 
Nevertheless, even with the addition of cystine to the basal diets, 
the growth obtained was unsatisfactory and it is probable that 
the high toxicity of elementary sulphur, when incorporated in these 
diets, was due mainly to the lack of enough growth-promoting sub¬ 
stances and not to that of any particular sulphur detoxifying agent. 
The experiments to be recorded in this paper were therefore carried 
out wiili the object of putting this supposition to the test. 

Exterimental. 

Young white rats were used as experimental animals and they 
were kept under similar conditions as previously described (Keller¬ 
mann, 1938, 2). The animals were weighed once weekly. They were 
given an excess of food and the daily consumption per Tat recorded 
The composition of the rations is given in Table I. 
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All fourteen rations contained isodyiiamic quantities of energy* 
and the vitaminized starch and salt 40 were prepared as described 
previously (Kellerniann, 1938, 2). It was deemed advisable to make 
the rations low liut not necessarily deficient in the various essential 
constituents l)e(*ause, although 3 per ('ent. of elementary sulphur had 
little effect on rats leceiving normal diets, Lewis and i^ewis obtained 
very detrimental results with rats on an inadequate diet (Sherman- 
Merrill) containing only 1 per cent, of flowers of sulphur. After the 
rats had been on the various diets for six weeks, they were killed by 
a blow on the liead and certain internal organs immediately removed 
and preserved in a formalin solution for histoiiathological exami¬ 
nation. 

From the growdii and food consumption records given in Table 
II it is evident that the incorporation of sulphur in rations, no 
matter wJiether they were physiologically coiiij)lete or not, reduced 
food consumj)tion and subsecjiient gi'owth. In the case of the com¬ 
plete ration the addition of siilj)hur was of little effect inasinuch as 
the sulphur fed rats consumed on an average only 0-5 g. less food 
])er day and gained (3 g. less over a period of six weeks with hardly 
any diherence in the peicentage gains. On a diet low in vitamins 
the animals still gained 13*3 per cent, but when sulphur was added 
to the same diet they lost 21*9 per cent, of their original weight. 
Similarly, when only the vitamin L-complex was low, the addition 
of sulphur resulted in a loss of 24 (3 i)er cent, but, on the other liand, 
still gained 37*9 per cent, when tlie diet was lacking in vitamins A 
and 1). Tills may be expected in view of the fact that the Jl-vitamins 
are water soluble, consequently thei]‘ deposits in the body are sooner 
depleted, and their absence, therefore, soonei* made to bear on the 
organism (Osborne and Mendel, 1919), than those of the fat soluble 
vitamins (Robertson, Dl(3). liikewise, on the aveiuge the rats 
gained on all the remaining incomplete rations but, with the excep¬ 
tion of tlie low mineial diet, lost considerably when sulphur was 
added. The low mineral diet contained 198 ])er cent of ash (ashed 
at 450-b0()^ (b), and it seems as if this concentration of ash was 
suthcient to support a fair amount of growth even thougli tlie diet 
contained 3 per cent, of elementaiy suliihur. However, wiieii tlie 
difference in body gain of the animals on the control and suliihur low 
mineral rations is conipaied with the difference in gain and loss of 
the rats on the corresjionding low protein and low vitamin rations, 
it is seen that the addition of sulphur to the low mineral diet resulted 
in a difference in g’ains of ()()'7 per cent, whereas in the case of the 
low protein and low vitamin diets tlie dilferences w^ere 07 5 and 35*2 
per cent, respectively. This shows that not only^ proteins and vita¬ 
mins, but also the essential minerals play an important role in 
counteracting the deleterious effects of elementary sulphur on grow th. 
A multiplication of the defects, by limiting the proteins, vitamins 
and minerals, in one and the same diet, did not alter materially the 
final position in so far as change in w’eight wms coiu'erned. 

In order to see whether the reduction in growth was due solely 
to a restriction of food consumption or whether it was accompanied 

* The energy values of the diets were calculated as described previously 
(Kellermanri, 1938, 2). 
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by a breakdown of tissues due to sulphur toxicosis, the average body 
weights and food consumption per 100 g. body weight were plotted 
against the days of the experiment. The results are depicted 
graphically in Fig. 1. 



Fig I 

Avemqe body urelqht ond food consumption of rats on a normal and irarioas 
incomplete rations mth, and without^ the addition of JX elementary sulphur^ 


The graph shows that the addition of elementary sulphur to the 
various diets invariably reduced the growth rate. In most of the 
incomplete rations the incorporation of sulphur actually resulted in 
a loss of weight. From the graphs giving the food consumption per 
100 g. body weight it is evident that, with the exception of the low 
mineral diet plus sulphur (graph H), the inhibition of growth was 
not due to a lowered food intake per unit of body weight. As might 
be expected there was a gradual drop in the food intake per 100 g. 
body weight as the animals grew older fMacallum (1919), and Levine 
and Smith (1927)]. The deleterious effects of sulphur on growth 
should then mainly be ascribed to the reduced food intake per rat 
per day as shown in the last columns of Table II. This observation 
substantiates the results of Franke (1934) and Franke and Potter 
(1934) who showed that the poor growth of animals on a toxic diet 
was mainly due to a restriction of food intake. 
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The histological examination of the livers showed that, on the 
whole, the degenerative changes varied not only in degree and distri¬ 
bution in the various groups, with and without the administration 
of sulphur, but also in animals fed the same diet. These changes 
consisted of cloudy swellings and vacuolation in groups of hepatic 
cells situated at the periphery of some lobules. Furthermore, in a 
number of cells, the protoplasm had a tendency to disintegrate and 
to droplet (hyalin) formation. In addition to the above changes 
observed in the livers of rats that were killed at the conclusion of 
the experiment, the livers of animals that died showed haemorrhagic 
necrotic areas with slight or more advanced interstitial hepatitis. 

Discussion. 

Whether the hepatic necrosis was the ultimate cause of death 
is difficult to say. However, inasmuch as no bacteria were seen in 
these lesions together with the fact that all the animals that suc¬ 
cumbed, received elementary sulphur in their food, seem to show that 
the animals died from sulphur toxicosis. These results iherefore 
substantiate the observation of Lewis and Lewis (1927) that the in¬ 
gestion of appreciable amounts of elementary sulphur by rats can 
exert toxic and even fatal effects on the animals. However, this 
statement should be accepted with some reservation because, in the 
writer’s experience, elementary sulphur will have definitely toxic 
effects only under certain conditions. One of these conditions is 
that the basal ration should be deficient in one or more res])ects so as 
to retard or stop growth. As already pointed out in Table II, one of 
the main effects of suli)hur was to reduce food consumption and the 
subsequent gain in weight. As a matter of fact in some cases the 
addition of sulphur resulted in a loss of 30 per cent, or more of the. 
animals’ initial weight, and it would seem, therefore, that under the 
experimental conditions, the greater the inhibition of growth the 
more susceptible the animals become to sulphur toxicosis. 

If this viewpoint is correct it will help to explain why the 
animals of Lewis and Lewis were more resistant to the toxic* effects 
of sulphur on the Osborne-Mendel diet than on the Sherman-Merrill 
(1925) one in view of the fact that the former diet is the better 
balanced of the two being richer in proteins, minerals and vitamins 
A and D. However, Lewis and Lewis suggested that the high fat 
content of the 'Osborne and Mendel diet might be partly responsible 
for the lessened toxicity as the fat might form a coating around 
the particles' of sulphur and thus make more difficult the intimate 
contact of the sulphur with the intestinal mucosa or the action of 
bacteria.” This explanation seems to be untenable as the writer did 
not find (unpublished data) any difference in the absorption of 
elementary sulphur on diets low and high in fat content. Further¬ 
more, young rats fed these respective diets, containing 3 per cent, of 
elementary sulphur, over a period of eight weeks, did not reveal any 
difference in their general well-being (Kellermann, 1938, 2). 

Another factor would seem to be the method of sulphur adminis¬ 
tration. Swart (1936) expressed the opinion that the feeding of 
sulphur mixed with the feeds might b^'^iess toxic than when it is 
dosed as he fed his animals 9*5 g. of flowers of sulphur per sheep 
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per day over a period of 10 months without any ill-effects, whereas 
Steyn (1931) observed that the dosing of an appreciably smaller 
amount of flowers of sulphur, namely 45 g. per sheep per week, over 
a period of thirty-five days caused symptoms of poisoning and high 
mortality. Tlierefore, it would be of interest to investigate this 
problem further, especially with the view of ascertaining whether 
rabbits and guinea-i)igs are actually as susceptible to sulphur poison¬ 
ing as found by Lawson, Redfield and Boyd (1934) whose animals all 
died within twenty-four hours after receiving doses of from 0 5 to 
2 0 g. of either colloidal or flowers of sulj)hur per Kg. of body weight 
into the stomach through a small stomat'h tube. 


Summary. 

1. Experiments are described in w^hich w^ere studied the effects 
of incomplete rations on the toxicity of elementary sulphur. 

2. The incorporation of sulphur in the diet exerted toxic effects 
only when the basal ration itself could not support normal growth 
as the result of one or more deficiencies. The chief effect of sulphur 
under such conditions w^as to reduce food consumption per animal 
but not per unit body Aveight. 

3. It would seem that vitamins, proteins and minerals w^ere all 
equally important in counteracting the deleterious effects of the 
sulphur. 

4. Although the rats lost considerably in weight when sulphur 
was added to the defective diets, the livers of the animals that w^ere 
killed at the conclusion of the experiment did not show^ any constant 
pathological change whereas the same organs of those animals that 
died during the experiment exhibited haemorrhagic necrotic areas 
with slight or more advarned interstitial hepatitis. 
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The Endogenous Nitrogen Metabolism of Sheep 
with Special Reference to the Maintenance 
Requirement of Protein. 


By D. B. SMUTS and J. S. C. MAIIAIS, Section of Nutrition, 

Onderstepoort. 


Since the classic work of Folin in 1905, in which he differentiated 
between an exogenous and an endogenous form of protein catabolism, 
mu(di work has apj)eared to test the validity of his postulation. 
While there exists a general agreement on the exogenous form of 
protein catabolism, the literature is somewhat divided on the nature 
and biological importan(*e of the endogenous form of protein meta¬ 
bolism. Folin regarded the latter form of catabolism as a constant 
type of (‘utabolism in comparison with the more variable excretion 
of nitrogenous end-products arising from exogenous origin. 
Osborne and Mendel (1914) as well as Sherman (1920) question the 
constancy of the endogenous nitrogen and (‘laim that if a completely 
efficient protein is administered, the endogenous nitrogen would be 
miniinized. Mitchell (1930), however, who investigated this point 
very carefully by su})plying small quantities of protein of a high 
biological value, could not find any evidence in support of the 
theory of the above workers, but agrees with Folin, that the 
endogenous nitrogen is a biological constant. Smuts (1935) found 
a definite relationship between the endogenous nitrogen metabolism 
and the basal metabolism of different species of animals varying 
widely in weight. Since the latter measurement is fully recognized 
as being reproducible and constant for an individual, it follows that 
the endogenous nitrogen is a measure of equal constancy. 

Furthermore the preponderance of evidence in the literature 
definitely favours a constant output of endogenous nitrogen, which 
can be related either to body weight or surface area. 

While extensive work has been conducted on the endogenous 
nitrogen metabolism of rats and other types of omnivor a, scanty 
attention has been given to this type of metabolism in ruminants. 

This fact is mainly accounted for by the extreme difficulties 
encountered in the computation of suitable nitrogen-free rations, 
which are palatable and easily consumed. Nevertheless Morgin 
(1912) and his co-workers, Satola (1930), and Turk and his 
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collaborators (1934), succeeded to induce sheep to eat a low nitrogen 
ration consisting mainly of straw, starch, sugar, oil and minerals. 
In our study on the determination of the biological values of feeds 
for larger farm animals, it became essential to compound a suitable 
nitrogen-free ration for sheep. This has been successfully executed 
and the results reported in this text. 

Experimental. 

Mature merino wethers were used throughout this study. The 
best eaters were selected and were then put on an exclusive lucerne 
ration for a month. After this, they were directly transferred to 
the metabolism cages of the Forbes type and put on a nitrogen-free 
ration.' Quantitative collection of the urine in 2 per cent. HCl was 
carried out daily and analysed for total nitrogen (Kjeldahl method). 

Creatinine (creatinine and creating), total sulphur, and neutral 
sulphur were determined. The creatinine was determined according 
to the microchemical modification of Folinls method as reported 
by Folin (1924). The total sulphur was determined by method of 
Denis (1910). Gas flames were avoided in all evaporating processes. 
The faeces were collected daily, stored in airtight jars, and aliquots 
analysed for total Nitrogen at the end of the (*ollection period. 
Sheep were fed once daily. 

The composition of the nitrogen free ration is given in Table 
1. The final composition as reported is the out(‘ome of several 
attempts in which certain ingredients w^ere omitted and others added. 
It was found that the inclusion of sugar, even at as low a level as 
5 per cent., invariably caused looseness of the bowels. The addition* 
of different types of oils was tested out. It was found that they 
either did not mix well with the ration or put the sheep completely 
off feed. Ordinary maize starch was found to be too pulverized 
with the result that dextrinized starch was resorted .to. This proved 
very successful. The dextrinized starch was ground into small pieces 
equivalent in size to the maize kernel. These the sheep consumed 
excellently and some even preferred it to maize. When putting 
sheep on the nitrogen-free ration, it was found advisable to start 
them off with 150 to 200 grams of the mixture and increase the 
daily feed until they just cleared ud their daily allotment. With 
this ration under our conditions, we did not experience any difficulty 
with feed refusal or reduction in weight. 

Table I. 

Composition of Ration , 


Dextrinized starch. 73-0 

Agar.... 20 0 

CSd liver oil. 2*0 

Bone a8h(^).. 3*0 

Salt.... 2 0 


Total 


1000 


(^) Bone ash contains 42*6 per cent. Ca and 17*04 per cent. P. 
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Experimental Eesults. 

Three of the sheep which had been kept for a month on an 
exclusive lucerne ration of 14 per cent, protein, were put on the 
nitrogen-free ration and urine collections made daily. The curves 
representing the total daily nitrogen excretion are shown in graph 1. 
The low figures obtained with sheep 2 and 3 for the first day are 
undoubtedly due to the small quantities of urine voided, probably as 
a result of the change in quarters. It is apparent from the graphs 
that there is a sharp decline in total nitrogen excretion from the 
second day to approximately the eighth day. From then onwards 
the decline in the curve is considerably reduced. From these results 
it appears as if sheep 3 has attained its endogenous level round about 
the fourteenth day and sheep 2 at the eleventh day, while sheep 1 
only reached a steady output of nitrogen from the sixteenth to 
the seventeenth day. Sheep 1 was the best eater of the three, which 
fact may lead one to suspect that the nutritional c‘ondition may be 
a factor ill determining the length of the Nitrogen low period before 
the endogenous level is actually attained. 


Graph 1. 
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In graph 2 the daily excretion of creatinine for each sheep is 
given. It is evident that the excretion of this nitrogenous end- 
product is not influenced by the distinct decrease in total nitrogen 
during the first eight days. There is a tendency with all three 
sheep to show a slightly elevated excretion of creatinine during the 
first two days, probably as a result of preformed creatine in the 
previous ration. From the third day, however, the excretion is 
very uniform for all three sheep and almost assumes a straight line. 
The neutral sulphur is very constant for sheep 2 and 3 but varies 
somewhat in sheep 1. The elevated points on the curve of sheep 1 
at the ninth and the fourteenth day are unexpected, since the other 
four determinations are absolutely of the same magnitude. 

Graph 2. 



Days 


Graph 3. 



In graph 4 are reproduced the results of four sheep which were 
kept for 1;hree months on an 8 per cent, lucerne protein ration 
supplemented by starch. The initial sharp fall in the daily nitrogen 
excretion occurred in this case during the first two days, while in 
the case of the 14 per tjent. protein, it stretched over the first eight 
days. The endogenous level on the average for the four sheep 
seemed to be obtained after the sixth day. These results therefore 
seem to indicate that the deposit protein stores were decreased during 
the period of lower level protein feeding, ; At the 8 per cent, 
level of protein feeding, the period to reduce these sheep to their 
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endog’enous level was almost half that necessary to attain a constant 
excretion of nitrogen on a 14 per cent, protein level. This point 
strongly emphasizes the necessity of employing a standardized 
protein ration, before the endogenous nitrogen excretion is measured. 
It can readily be appreciated how a difference in level of protein 
may cause a difference in the ultimate endogenous N figures, due 
to the fact that the actual endogenous level is not attained. It 
seems, that this point may not only influence the reproducibility 
of the biological values of feeds, but also account for the lower 
endogenous Nitrogen figures at the end of a series of experiments, as 
suggested by Ashworth (1935). However, Ashworth’s explanation 
that the lowered endogenous Nitrogen figures are caused by a reduced 
reserve protein due to continued Nitrogen-free feeding, is not 
supported by our findings. It is of course recognized, that just as the 
basal metabolism may be reduced through prolonged captivity so may 
the endogenous N be influenced. But ’.nder ordinary conditions of 
determining the biological value of feeds, the period of confinement 
does not seem to be long enough to effect such a reduction. 


Graph 4. 



Four sheep were taken off a lucerne ration and transferred to a 
Nitrogen-free ration, on which they were kept for 20 days. They 
were then put on an 8 per cent, lucerne protein ration for 20 days, 
on a similar ration supplemented by cystine for the same period and 
ultimately for 25 days on a nitrogen-free ration. The endogenous 
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nitrogen per Kg. weight for the four sheep was as follows: *036, 
*048, '03b and *033 gim. respectively at the beginning of the 
experiment and *033, *040, *033 and *033 grm. at the termination 
of the experiment. These results certainly support the constancy 
of the endogenous nitrogen metabolism. The lowered endogenous 
nitrogen noted by Ashworth (1935) is therefore in all probability 
due to the fact that the endogenous level was in reality not attained 
at the start of the experiment oh account of too short a preliminary 
N free period, the length of which, as has been shown, being in a 
great measure determined by the level of protein intake. 

Our average figure of 035 grm. endogenous N per Kg. weight 
agrees very well, with that reported by Satola but is much lower than 
the value of *063 reported by Hutchimon and Morris (1936). 

In Table 2 is given the distribution of the nitrogenous and 
sulphur end-products in the urine of sheep kept on a nitrogen free 
ration. The creatinine nitrogen constitutes a larger portion of 
the total nitrogen as the sheep reached th§ endogenous level. During 
the first day or two after the sheep have been taken oft the protein 
ration, the creatinine only makes up 2 per cent, of the total nitrogen 
excretion. When these animals have attained their endogenous level 
the creatinine as shown in Table 2 makes up approximately 37 per 
cent, of the total nitrogen excretion. The diminished nitrogen 
excretion is therefore in greater part due to the cessation of exogenous 
catabolism of protein, and consequently to a decreased excretion of 
urea which is the chief end-product of exogenous protein catabolism. 
Smuts (1935) has shown that as the size of the animal increases, the 
creatinine assumes a larger proportion of the endogenous nitrogen. 
In mice it is approximately 5 per cent., in guinea pigs 7 per cent., 
in rabbits 14*3 per cent, and in pigs 14*3 per cent. 

Table II. 

Distribution of Urinary end-products of Sheep on N-free Ration. 


Animal 

No. 

Weight 

Kgrras. 

[ 

Endog. 

N ■■ 

Grm. 

Crea¬ 

tinine 

N 

Grm. 

Crea¬ 

tinine 

coef¬ 

ficient. 

Crea¬ 

tinine 

N Per 
cent, of 
End N. 

Total 

S. 

Grm. 

Neutral 

S. 

Grm. 

Ratio 

N/S. 

1 

33 

MO 

0-41 

12 

44 

0129 

0-055 

8-5 

2 

35 

1-40 

0-41 I 

12 

29 1 

0-203 

0-066 1 

6-9 

3 

36 

1-29 

0-48 

13 

37 

0-216 

0-069 

6-0 

5 

42 

M9 

0-44 

1 

11 

1 

37 

0-145 

0-039 

8-2 

Average 

• — 

1 ■ , 

, 1 

" — I 12 ' 

I 

1 

37 


— 



The creatinine coefficient expressed in terms of Schaefer^s defini¬ 
tion, namely, milligrams creatinine nitrogen per Kg. weight, is 
recognized by physiologists as an index^ of muscular mass and 
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development. For this reason it is not a very uncommon phenomenon 
to find a variation in this index, depending on the fitness of an animal. 
The creatinine coefficient, obtained for sheep in this study, namely 
12, falls in line with the figures reported for man and pig. For 
smaller animals like the mouse, rabbit and guinea pig the creatinine 
coefficient is larger. For guinea pigs this figure as reported by 
Smuts (1935) is approximately 14, for mice 30 and for rabbits 17. 

The ratio of sulphur to total nitrogen excretion is often taken 
as an index of the type of catabolism which is proceeding in the 
body. Under fasting conditions where tissue catabolism takes place 
this ratio is approximately IG. In as much as our figure of 7*4 is 
much lower, it affords additional evidence that our animals were 
strictly on a non-tissue catabolizing level. 

The maintenance requirement of an animal for protein seems 
to be determined by the inevitable and constant loss of essential 
nitrogenous constituents of the tissues as a result of the endogenous 
catabolism. Consequently there is a certain amount of food protein 
or other available sources of nitrogen needed to replenish this loss 
of nitrogen in order to maintain the normal functioning of tissues 
and the life of the animal. This constant basal need of protein is 
comparable to the basal needs of energy, and forms the foundation 
on which are superimposed the protein requirements for growth, 
lactation and other functions. 

From the above reasoning it is evident that the maintenance 
requirement of nitrogen of an animal may, therefore, be measured 
by the total nitrogen excretion in the urine of an animal kept tor a 
long enough period on a nitrogen tree ration to establish its endo¬ 
genous catabolism. For the four sheep under investigation an 
average figure of *035 grins, nitrogen per Kg. weight was obtained. 
However, in later determinations on 10 sheep, it was found that 
values for the endogenous nitrogen vary from 035 g-rms. to 048 
grins, per Kg. weight, with an average value of *041. Taking the 
latter figure as more representative, it would mean that the protein 
required for maintenance per Kg. weight is equivalent to *256 grins. 
This value naturally represents protein actually utilized by the body. 
Therefore to convert it to digestible crude protein, the biological 
value should be taken into account. If, as in the case of lucerne, 
the biological value for sheep is 60, then the digestible protein 

100 

requirements become *256 x — = *43 grins., which is equivalent to 

19 grms. digestible protein per 100 lb. weight. The corresponding 
amount of dietary protein would be larger than this, and would be 
greater the greater its wastage in metabolism and hence the smaller 
its biological value. Consequently, when a protein feed with a 
lower biological value than that of lucerne is utilized, a proportion¬ 
ately larger amount of digestible protein is necessary. However, if 
we allow a fair margin of safety and assume an average biological 
value of 50 for maintenance, then the maintenance requirement in 
terms of digestible protein for a 100 lb. sheep becomes 23 gms. 
This figure is somewhat lower than 27 grins, digestible protein, 
proposed by Armsby (1917) and almost three times low^er than that 
proposed by Henry and Morrison (1923). 
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Smuts (1935) adapted the Brody equation Q —70*4m-^®^ for the 
prediction of the basal metabolism of mature mammals to a determi¬ 
nation of the protein requirements by the use of his ratio 12*5 mgm. 
protein per calorie of basal heat. 

The equation then became P==*88 M*^^^ where P is the day’s 
requirement of protein expressed in grams. The protein require¬ 
ments obtained in this way do not refer to dietary protein or digestible 
protein but to protein actually utilized. Assuming therefore a 
biological value of 50, the digestible protein requirements per 100 
lbs. live weight for sheep become 29 grams. This predicted figure 
compares favourably with the determined value of 23 grams digestible 
protein. It appears, therefore, that this equation can be applied 
successfully to the determination of the maintenance protein 
requirement of sheep. On the other hand, by reversing the 
calculation, the basal energy needs of sheep may be predicted with 
equal ease. Hence 29 grins, digestible protein having a biological 
value of 50, is equivalent to 14*5 grms. utilizable protein. By 
ajiplying the Smuts equation for the relationship between endogenous 
nitrogen and basal metabolism, namely 12* > mgni. P — 1 Calorie 
basal heat, a figure of 1160 Calorie basal heat per 100 lb. sheep is 
obtained. This figure agrees well with the reported data on the 
basal metabolism of sheeji. Ritzman and Benedict (1930) report a 
value of 1260 Calories per 100 lb. sheep. This figure was obtained 
by deducting 17 per cent, from their standard metabolism, and may 
therefore be slightly high. Kubner’s Standard of approximately 
1040 Calorie is slightly below our predicted value, while Krog’s 
standard of 1248 Calories per 100 lbs. is slightly higher. However, 
the differences are so small that the relationship may be successfully 
utilized in predicting the bavsal energy needs of sheep. 


Summary and Conclusions. 

By means of a nitrogen free diet the time period for the attain¬ 
ment of the endogenous nitrogen level has been established in sheep. 
It appears that the preliminary protein period is a determining 
factor in the length of the nitrogen free period. Sheep on a 14 
per cent, protein were reduced to endogenous level in 14 to 15 days, 
while sheep kept on an 8 per cent, protein attain the endogenous 
level from the sixth to the eighth day of nitrogen-free feeding. 

The partition of the urinary end products on a nitrogen free 
ration is discussed and special consideration is given to the mainte¬ 
nance requirement of sheep. It has been shown in this study, that 
the maintenance requirement of protein of a 100 lb. sheep is less 
than advocated in the usual standards. 
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Armsby (1917), who introduced the conception of nett energy values, 
clearly discriminated between the energy values of feeds and the 
energy required by the animal. The latter requirement, he analyzed 
into definite and distinct physiologi(*al funtdionSj smh as I'^asal meta¬ 
bolism, elaboration of new tissues, fat deposition, egg production, 
lactation, gestation, and work. The basal metabolism of an animal, 
which is its minimum energy expenditure compatible with the mere 
existeiK'e of life, is a necessary and essential step in the determina¬ 
tion of the different components of an animaTs total energy 
requirement. It is that fraction of the energy needs, on which the 
energy required for all the other fractions, such as growth, egg pro¬ 
duction, etc., are superimposed. A growing chicken would there¬ 
fore first \itilize its feed energy to cover its basal heat requirements, 
and thereafter convert the remaining energy for anabolic purposes 
such as tissue synthesis, fat production, etc. It is therefore self- 
evident, that in a study of the energy requirements of animals, the 
basal heat production should constitute the initial determination. 
Such a determination is generally conducted when the animal is in a 
post-absorptive condition and free from the stimulus of food, with 
an environmental temperature corresponding to the critical tempera¬ 
ture of the animal. The experimental animal should be inactive and 
as nearly as possible at complete rest. 

Under these conditions the basal metabolism of an animal or 
individual is readily reproducible, and appears to be one of the most 
constant of biological measurements. For this reason, it is also 
extensively used as a diagnostic measure for certain types of diseases. 
However, it has been amply demonstrated that the constancy of the 
basal heat production holds better when expressed, per unit of surface. 
Consequently the surface area is used in preference to weight, for 
expressing the basal metabolism, since in the latter ease differences 
in size of the animal are reflected in the more variable set of data 
obtained. As a result, formulae have been evolved by time consuming 
devices, to estimate the surface area of different species of animals 
for expressing the basal heat production. 
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While the basal heat production, generally speaking, may be 
regarded as a biological constant for mature animals, it is nevertheless 
definitely influenced by such factors as age and sex. Du Bois (1916) 
in his curve on the basal metabolism of humans, per unit of body 
surface, shows a striking change from birth to old age. The first 
weeks of life were marked by an extremely low level of metabolism 
approximating 27 to 30 calories per square meter per hour. From 
then onwards it rose rapidly until at one year of age, the metabolism 
is 50 per cent, above adult level. It appears that the maximum rate 
of metabolism occurring from 2-6 years of age is about 60 calories 
per square meter per hour. After this stage, the metabolism drops 
comparatively rapidly to 20 years of age and then very gradually 
afterwards. Mitchell and Carmann (1922) working on rats, showed, 
that the basal heat production at 30-40 days of age was distinctly 
higher than at 90-190 days of age. The same effect of age on the 
basal njietabolism was noted by Deighton (1923) and Wood (1926) in 
growing pigs. Mitchell, Card and Haines (1927) found a remarkable 
similarity between the basal metabolism of chickens and humans, in 
that the metabolism per unit of surface^ is distinctly below the adult 
level at hatching, rising rapidly to a maximum and then decreasing 
to the adult level, which is maintained for a considerable fraction 
of the life span. 

That the environmental temperature at which the basal meta¬ 
bolism determinations are conducted, influences the heat production 
values considerably, has been significantly demonstrated in studies on 
the respiratory exchange of animals. Within the range of thermal 
neutrality the heat production is unaffected. If, however, the 
environmental temperature becomes lower than the critical tempera¬ 
ture of the animal, heat production is increased to cope with this 
extra demand for heat. It is therefore essential that the environ¬ 
mental or experimental temperature should coincide with the 
critical temperature of the animal under experimentation. Mitchell 
(1927) found the critical temperature for mature birds to be in the 
neighbourhood of 63® F. Kleiber (1933), in a study on the influence 
of environmental temperature on the utilization of food energy by 
baby chicks found the lowest CO 3 production at 40® C. From these 
data it would appear that the critical temperature of one-month-old 
chickens would lie approximately between 30® C. and 35® C. In 
this study the temperature has been maintained as far as possible 
about 31® C. 


Experimental Results. 

1 . Surface area determination. 

Owing to the fact that no formula exists for chickens by which 
the surface area could be estimated, it w’as decided to utilize the 
existing material to formulate a prediction formula for the estima¬ 
tion of the surface area. After the basal heat production had been 
measured, the chickens were subjected to a period of fasting equiva¬ 
lent to that employed in the actual determinations, namely 18 hours. 
They were weighed, killed, de-feathered and^the clean carcass washed 
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with alcohol and ether. The Mold method originally used by Lee 
(1929) and successfully utilized by Smuts (1935) on mice and guinea- 
pigs, was then applied to the completely dry carcasses of the treated 
chickens. Each chicken was kept in a definite position while the 
gauze cemented with collodium ether was wrapped around it. The 
chickens were then left for some time in front of an electric fan for 
the mold to get thoroughly dry. The mold was then cut loose from 
the carcass and further sub-divided into as many small pieces as 
were necessary for tracing* the areas on paper. These areas were sul)- 
sequently determined by means of a planimeter and recorded as the 
measured surface area. 

The feet were not included in the mold but cut off and traced 
separately. The area of each foot was multiplied by 2. This area 
was then added to the mold area and constituted the radiating area 
of the chicken. 

The comi3lete data of the measured surface areas and the corres¬ 
ponding equations with the percentage deviations are recorded in 
Table I, 


Tajjle I. 

Data and Calculation of the Surface Area of White Leghorn 

Chickens 


Animal 

No. 

Weight. 

GrnivS. 

Measured 

Surface 

Area. 

Sq. cm. 

S 

K - 

w? 

Area 

according 

to 

S . 11‘2W^ 
Sq. cm. 

Percentage 

Deviation 

from 

measured 

Area. 

S - 36-31 
W 

Sq. cm. 

Percentage 

Deviation 

from 

measured 

Area. 

624 

254 

471-9 

11-8 

449-2 


4-81 

445-5 


5-6 

285 

235 

434-3 

11-4 

426-5 

— 

1-80 

440 

4- 

1-38 

323 

340 

427-1 

11-1 

4.32-5 

■f- 

1-26 

444-3 

'f 

4-03 

385 

247 

433-3 

11-0 

440-9 

•4- 

1-75 

450-2 


3-9 

630 

280 

482-3 

11-3 

479-4 

— 

0-6 

476-7 


1-16 

242 

255 

476-5 

11-9 

450-3 


5-.50 

4.56-7 

~ 

4-16 

618 

274 

465-8 

11-0 

472-5 

4- 

1-44 

472-1 

■f 

1-.35 

641 

325 

454-5 

11-9 

426-5 

— 

6-16 

440-1 


3-17 

417 

327 

512-9 

10-8 

,531-5 

+ 

3-65 

510-6 


0-45 

628 

292 

495-0 

11-3 

492-9 

_ 

0-42 

486-1 

— 

1-8 

602 

239 

452-4 

11-7 

431-3 

__ 

4-66 

443-5 

— 

1-97 

293 

339 

493-3 

10-2 

,544-5 

+ 

10-38 

520-4 

+ 

5-49 

604 

252 

469-8 

11-8 

446-8 

— 

4-9 

454-3 

— 

.3-3 

660 1 

319 

497-2 

10-7 

,522-9 

+ 

5-17 

506 

+ 

1-77 

425 

277 

479-6 

11-5 

475-8 

— 


474-4 


1-08 

636 

320 

486-2 

10-4 

,524-0 

+ 

7-56 

506-6 

4- 

3-9 

637 

374 

588-5 

11-3 

,581-5 

— 

0-2 

5,56-9 

— 

5-37 

226 

279 

451-3 

10-6 

478-2 


5-96 

476 

4- 

5-47 

Average 

— 

— 

11-2— 

— 


3-77 

— 


3-06 


By substituting the measured surface area and the weight of 
each bird in the Meeh formula S-=KW*, K the constant was deter¬ 
mined for 17 individual chickens, and gave an average of 11*2. 
TJsing this value for K, and applying it to the above equation, the 
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surface area was calculated from the individual weights and com¬ 
pared with the measured areas. As will be seen from Table I, 
column 2, a remarkably close fit was obtained. In only one case was 
the percentage deviation more than 10 per cent. Disregarding the 
signs the average deviation is 3*77 per cent. This value compares 
extremely well with deviations obtained with other small animals 
under similar conditions. 

If, how^ever, the exponent of W (w^eight in grams) in the Meeh 
formula as well as its constant (K) are evaluated from the above data 
by the method of least squares by using the following equations: — 

(1) 5 log S = N log K+ S log W 

(2) S log S. log W-log K. S log W+ S(log W)^ 

then evjs^n a better fit is obtained. The surface area predicted from 
the determined equation S==3()-31 W is given in Table I together 
with the percentage deviation from the measured areas. In no case 
was the percentage deviation greater than (> per cent. The average 
percentage deviation disregarding signs is only 3 06. From these 
results it would appear that the latter formula can be applied with 
success in predicting the surface area of approximately one month 
old chickens. 


2. Basal metaholism. 

In studying the effect of length of fasting on the respiratory 
exchange of chickens the Haldane Gravimetric .method as modified 
by Mitchell (1926) and previously employed by one of the authors 
was used in this study. The outgoing chain consisted of two rows of 
bottles which were connected to the animal chamber by a two-way 
stopcock. In case of abnormal activity the current of outgoing air 
could be diverted to the one train, the other train absorbing only 
when the animal wus quiet. The latter train consisted of small 
bottles which could be accurately weighed. The animal chamber 
consisted of a fruit jar into which the chicken fitted snugly but will] 
apparent comfort during the period of observation. 

Chickens w^ere fasted for 12 and 18 hours respectively after 
which period they were subjected to a basal heat determination. 
The results of the 12-hour basal metabolism determinations are 
given in Table II. The heat production was computed from the CO2 
production by using Lusk’s figures, on the assumption that the total 
respiratory quotient was non-protein. The usual errors resulting from 
this simplificatiofi as shoAvn by Mitchell, are less than 2 per cent. The 
environmental temperatures varied from 29^ C. to 35® C., with the 
majority of cases falling betw^een 30® C. and 32® 0. In some cases 
chickens were first subjected to an 18-hours fast and later to a 12- 
hours fast. This procedure w^as found necessary in order to avoid 
the beginning of a fast in the early morning before the animals had 
fed. 

In studying the effect of fasting on the respiratory quotient and 
metabolic rate, it was originally intendei,Jo in^^^^^ a 24 hours 
fasting period, but due to the fact that the respiratory quotients 
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attained after 18 LouivS were so strongly representative of a fasting 
R.Q. this idea was abandoned. As will be seen from Table II the 
R.Q.’s after 12 hours fasting are still well above the customary R.Q. 
of 70 for an animal in the post-absorptive state. The individual 
R.Q.’s vary somewhat, but with the exception of a few low values, 
they all lie in the neighbourhood of *80, giving an average of *78. 
This would indicate that at this stage of fasting the animal has not 
reached a post-absorptive state but was still oxidizing a mixture of 
fat and protein. Consequently the average heat production of 1,060 
calories per square meter could not be interpreted as the basal heat 
production, since portion of the heat produced may be due to the 
stimulus of food present in the alimentary canal. 


Table II. 


Heat Production of 3-4 Weeks Old White Leghorn Chicks after 12 

hours fasting. 


Chicken 

No. 

Weight. 

GrmH. 

Surface 

area. 

Sq, cm. 

R.Q. 

0, 

per 

day. 

Liters. 

Heat Production. 

Average 

Temper¬ 

ature. 

Per 

24 

hours. 

Cal. 

Per 

Kg. 

body 

weight. 

Cal. 

Per 

Sq. m. 
of 

Surface. 

Cal. 

240 

259 

460-2 

•79 

9-74 

46-64 

180-1 

1,013-5 

32°C 

242 

234 

439-2 

-78 

9-74 

46 52 

198-8 

1,058-8 

30°C 

266 

234 

439-2 

-74 

9-74 

46-04 

196-8 

1,048-3 

32"C 

285 

IJ8 

321-2 

-80 

8-23 

39-51 

334-8 

1,230-1 

30°C 

293 

193 

402-3 

-78 

8-57 

40-93 

212-1 

1,017-4 

30“C 

323 

109 

309-8 

-80 

5-54 

26-60 

244-0 

858-6 

29^C 

385 

175 

384-6 

1 -71 

907 

42-54 

243-1 

1,106-1 

32°C 

417 1 

285 

480-6 

-73 

12-26 

57-79 

202-8 

1,202-5 

33°C 

425 1 

155 

363-9 

-73 

9-74 

45-91 

296-2 

1,261-6 

32"C 

602 

203 

411-6 

•76 

9-74 

46-27 

227-9 

1,124-4 

3PC 

604 

184 

393-6 

•82 

7-56 

36-48 

198-4 

926-8 

32°C 

624 

140 

347-3 

•79 

6-22 

29-78 

212-7 

857-5 

src 

628 

300 

492-0 

•84 

11-42 

55-39 

184-6 

1,125-8 

32"C 

618 

198 

407-0 

1 -76 

9-07 

43-09 

217-6 

1,058-7 

3rc 

630 

209 

417-2 

i -81 

8-23 

39-61 

189-5 

949-4 

32°C 

641 

217 

425-3 

1 -76 

9-58 

45-51 

209-7 

1,070-7 

src 

650 

234 

439-2 

j -83 

10-08 

48-77 

208-4 

1,110-9 

32°C 

Average 

— 

1 

[ -78 

— 

— 

221-0 

1,060-1 

— 


In Table III the respiratory quotients and heat production per 
square meter after an 18 hours fast are given. The respiratory 
quotients ap^)roxiniate an average value of *72. The heat production 
per square meter averages 891 calories, a value much lower than that 
obtained after 12 hours fasting. From these R.Q.’s it is evident 
that the animal is in a post absorptive vState and oxidizing its own 
fat. In work of this nature an occasional R.Q. of less than *70 is 
encountered to which no special significance is attached other than 
the oxidation of fnt. Henry, Magee and Reid (1934), however, 
fasted a cock for 48 hours and obtained an R.Q. of *69. This R.Q. 
was maintained over long periods of fasting. They maintain that 
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such an B.Q. was not due to fat oxidation direct or indirect through 
conversion to sugar. They suggested that an R.Q. lower than tO 
may be associated with protein metabolism, on account of the fact 
that a large proportion of the nitrogenous end-products in the fowl 
are excreted as uric acid and not as urea. Their argument is partly 
based on the following equations: — 


2CH3 • CH NH3CQOH + 60, - (NH,),CO + 5CO, + 5H,0 


RQ 


=- 


8CH3 • CHNH3 • OUOH + 210^ = 2C3H,N,03 4 T 4 C 0 , + 24H3U. 

BQ='l^=o.ee, 

When urea is therefore the end-product of protein metabolism, 
an R.Q. of *838 is expected, while in the case of the fowl where uric 
acid is the end-product, the R.Q. of protein metabolized will be -GfiT. 

It is diffiqult to understand why an animal such as the fowl will 
metabolize prot^ein in preference to fat in a fasting condition, if it 
has the latter nutrient available. 


Table III. 

ffeat Production of 3-4 Weeks Old White Leghorn Chickens after 18 

hours fasting. 


Chicken 

No. 

Weight. 

Grms. 

Surface 

Area. 

Sq. cm.; 

R.Q. 

Og 

per 

day. 

Liters. 

[ 

Heat Production. 

Average 

Tem¬ 

perature. 

«C 

Heat 
Product 
per 24 
hours 
per Sq. m. 
calculated 
from 

S 81-9 
W-705 

per 

24 

hours. 

Cal. 

Per 

Kg. 

body 

weight. 

Cal. 

Per 

Sq. m. 
of 

surface. 

Cal. 

240 

217 

425-3 

-76 

8-58 

40-76 

187-8 

958-4 

! 30 

1,120 

242 

143 

350-8 

-74 

6-22 

29-40 

205-6 

838-1 

32 

1,085 

266 

234 

439-2 

-70 

9-41 

44-10 

188-6 

1,004-1 

30 

1,148 

285 

149 

357-7 

-77 

6-06 

28-82 

193-4 

806-1 

31 

1,033 

293 

198 

40^-0 

-72 

6-05 

28-46 

143-7 

699-0 

32 

834 

323 

96 

292-3 

-70 

5-71 

26-76 

278-8 

915-5 

29 

1„306 

385 

124 

328-6 

-71 

7-39 

34-66 

279-5 

1,023-6 

35 

1,415 

417 

262 

462-6 

•74 

10-75 

50-82 

194-0 

1,098-6 

30 

1,219 

425 

255 

466-8 

-71 

9-24 

43-43 

170-0 

948-8 

33 

1,065 

602 

256 

467-6 

•72 

9-07 

42-65 

166-6 1 

932-0 

32 

1,021 

604 

233 • 

438-4 

•74. 

8-23 

38-90 

167-0 

887-3 

31 

1,018 

624 

151 

363-9 

•70 

6-38 

26-21 

167-0 

692-8 


894 

628 

217 

425-3 

•70 

8-74 

40-10 

184-8 

942-9 

/'VU 

1,102 

618 

156 

366-0 

•71 

7-06 

33-11 

212-2 

907-1 

. 30 

1,160 

630 

269 

468-1 

•71 

8-57 

40-16 

149-3 

857-9 

30 

966 

641 

154 

362-8 

•70 

5-88 

27-56 

178-9 

759-4 

33 

967 

650 

160 

369-3 

•73 

6-89 

32-48 

203-0 

879-6 

32 

1,109 

Average 



•72 

■ — ; 

j 

183-6 

891-2 


1,086 







— 
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It is nevertheless a strange phenomenon that only occasional 
cases of R.Q.’s less than -70, appear in a series of determinations. 
Mitchell (1927), in* 58 determinations of basal metabolism after 48 
hours fast only obtained five lower than ^O. Probably the nutri¬ 
tional state of the bird may be an influencing factor. 

From our data it appears that chickens of one month of age 
reach a post absorptive state in 18 hours. Mature birds according 
to Mitchell, must be fasted at least for 48 hours to attain a fasting 
level. Henry, Magee and Reid (1934) found that it takes 16 to 26 
hours for a fowl to empty its alimentary canal. This would then be 
more or less the period necessary to fast a fowl for a basal meta¬ 
bolism determination, since the food stimulus will be removed. The 
observation of the latter workers agrees with ours in tliat our chickens 
were reduced to a fasting level after 18 hours. 


Graph I. 



— — Humanj Du Bo<s 

••—• Chicks Mi[<;hell & Smuts 


In Graph I the variation of basal metabolism with age for 
humans, pigs and chickens has been plotted. The curve for humans 
has been duplicated from Du Bois (1916), while that of the pig is 
a reproduction of the data of Wood (1926). For coa^parison, a curve 
representing the trend of the basal metabolism in poultry has been 
inserted. These figures were obtained from the data of Mitchell 
(1927) as well as ours. Naturally the basal metabolism per square 
meter of one-month-old chickens reported by Mitchell (1927) is 
higher than ours, since the prediction formula difiers. The point 
on the graph represented at one mpnth has been obtained by 
employing the formula of Mitchell (1929) S = 819 W-^°® and 
utilizing our heat production values, since the values obtained in 
this study appear to be more representative of the basal metabolism 
as indicated by the R.Q.’s. 
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The interesting features of the curves are, that the chicken 
reaches its highest metabolic rate at approximately one month of 
age, the pig attains the same level at approximately four months, 
and the human between four and six years. With the chickens the 
basal heat production increases from hatching to one month at a 
rapid rate, being about 22 per cent higher at the latter age, than at 
hatching. From one month, the basal heat production seems to fall 
as rapidly as it increased and reaches a level of heat production almost 
equivalent to that of mature birds in two to three months time. The 
highest basal metabolism reached by pigs is approximately 70 per 
cent, more than the adult level, while with chickens it is only 
approximately 12 per cent. more. This difference may bear some 
relation to the life span of the animal and the rate at which it 
attains maturity. 

From these results it will appear, that from three weeks to five 
weeks, the basal needs of chickens are at their highest, and would 
therefore in practice constitute the period during wdiich they should 
be fed more liberally to attain good growth. 


Summary and Conclusions. 

1. By the application of the mold method the individual surface 
area of 17 chickens of approximately one month of age were deter¬ 
mined and formulae evolved for the prediction of the surface area. 
The value for K in the Meeh formula was found to be 11'2, while by 
the method of least squares a formula equivalent to S^36-31 

was obtained. 

2. The basal heat production of one-month-old chickens, wlien 
expressed per square meter of body surface, was found to be 891 
calories per day. If the formula of Mitchell for estimating the sur-. 
face area is applied, the basal heat production becomes 1,085 calories 
per day. 

3. It appears that the highest basal metabolism in chickens is 
reached between 3| to 4i weeks. 
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Plant Proteins III. 


The Supplementary Effect amongst Certain 

Plant Proteins. 


By D. B. SMUTS and J. S. C. MARAIS, Section of Nutrition, 

Onderstepoort. 


It is a generally recognized fact in protein studies, that the 
nutritive value of a certain protein feed may be significantly 
enhanced by the inclusion of some other protein feed in the ration. 
Such a supplementation amongst difieient proteins naturally becomes 
of considerable practical importance in assessing the biological values 
of the proteins most commonly employed in feed mixtures, since it 
has been shown, that the supplementary action of proteins cannot 
be considered to occur in a linear fashion. Consequently it cannot 
be assumed that the mean of the biological values of two proteins at 
a certain level of feeding, would represent the biological value of a 
mixture of equal parts of the respective proteins. Conclusive proof 
as to whether supi)lementation between two proteins has actually 
taken place, (‘an only be obtained by a direc t determination of the 
biological value of each pi'otein, as well as the mixture of the two 
proteins at the same level of intake. 

Sui)i)lementation amongst proteins is the nett result of a variable 
amino acid constitution of protein feeds in respect to the indisi)ens- 
able amino acids. A protein fed at a low level of intake may be 
considered to consist of two distinct entities, one constituting the 
amino acids necessary for maintaining the integrity of the tissues 
and the other composed of those amino acids wliich form an incom¬ 
plete assortment, and consequently incapable of promoting synthesis 
of new tissues. These latter amino acids are therefore drawn into 
the oxidative processes of the body and catabolized. If, however, a 
se(*ond protein, which has a different indispensable amino acid defi¬ 
ciency, is fed in conjunction with the first, it can readily be wseen 
how the fractions of eax'h protein which separatelv were destined 
to be deaminized and oxidized can between them make up a complete 
assortment of those indispensable amino acids to satisfy the require¬ 
ments of new tissue and hence promote synthesis. In this case the 
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biological value ot‘ the mixture of the two proteins will obviously be 
greater than the mean biological value of the two proteins, since a 
portion of the two tractions in the respective proteins, which would 
otherwise have gone waste as far as tissue synthesis is concerned, is 
now utilized in the body. 

It is evident from the above reasoning, that supplementation will 
not take place between all proteins. If the remaining fraction of 
each protein in the mixture, after maintenance has been taken care 
of, should be deficient in the same indispensable amino acid, then 
naturally there exists no chance of selecting a complete amino acid 
complex for synthetic purposes and consequently no supplementation 
is possible. On the other hand it is self evident that the greater the 
variation of the missing indispensable amino acids in the two frac¬ 
tions, which effect supplemehtation, the greater are the possibilities 
of a supplementation. A protein having a biological value of 80 
would, therefore, indicate that 20 p^r cent, of the absorbed nitrogen 
has not been utilized on account of a deficiency of one or more of the 
indispensable amino acids in the protein molecule. Another protein 
having a biological value of 50, shows that 50 per cent, of the absorbed 
nitrogen has not been used by the body. In the latter case the frac¬ 
tion which can be supplemented is much greater than the first. If, 
therefore, these two proteins are fed as a mixture and supplementa¬ 
tion takes place, then one has to assume that it was possible for the 
body to select a complete assortment of amino acids from the 20 and 
50 per cent, fractions. 

In a previous paper [Smuts and Malan (1938)1 tlie biological 
values of individual plant proteins have been determined. In this 
study the supplementary effect amongvst certain of these proteins is 
reported on. 

As far as the authors are aware no studies have been conducted 
on the supplementary effect of the proteins investigated in this study. 
However, since the supplementation can only be accomplished when 
the limiting indispensable amino acids of a protein are covered 
by the inclusion of a second protein, it seems appropriate at this 
stage to refer to some investigations concerned with the amino acid 
deficiencies of the proteins under discussion. Haag (1931) in a study 
on the physiological effects of rations restricted principally or solely 
to plants, claims that lucerne is seriously deficient in cystine for 
growth in rats. Scoz (1932) found that cystine deficiency limits 
growth in yats, and that the animal protects the protein sulphur of 
the organism at the expense of less essential substances. It would 
appear, therefore, that lucerne is deficient in the indispensable amino 
acid cystine and that it can consequently only be supplemented by 
the addition of cystine or another protein containing enough cystine 
or methionine to cover the cystine deficiency [Jackson and Bloch 
(1933); Weichselbaum (1935)]. 

Morris and Wright (1933) in a study on the protein values for 
milk production claim that peanutmeal is deficient in lysine and 
since this amino acid is considered Tiecessary: for milk production, 
peanutmeal ranks low as a protein feed for lactating animals. On the 
other hand John and Jones (1917) by chemical analysis showed that 
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the protein of peanut is rich in lysine. Quite recently Beach and 
White (1931) stated that the protein of arachin is deficient in 
methionine and that L.-cystine was incapable of replacing the 
former. 

McCollum and Simmonds (1916) as well as Mitchell and Smuts 
(1932) have shown that oats are deficient in the indispensable amino 
acid lysine. Outhouse and Krause (1934) found that a lysine defi¬ 
ciency with rats causes an inefficient utilization of protein nitrogen 
and a less active cellular metabolism. 

The Paired Feeding Tests. 

Paired feeding tests together with the determination of the 
respective biological values were conducted on the different rations. 
The rations were compounded in such a fashion that they were, as 
far as possible, equal in all respects except for the difference in source 
of protein. In the cPmparison of peanut plus lucernemeal with 
lucernemeal plus cystine, 7 per cent, of agar rejilaced an equal weight 
of starch in the former ration, w^hile in the comparison of peanut 
and peanut plus oats no agar was included in the ration. The 
different proteins were incorporated in the ration so as to furnish 
approximately 9 per cent, of crude protein. The other constituents 
included in the ration contributed negligible amounts of nitrogen 
but supplied the necessary amounts of other nutrients to make the 
rations complete. The comparison of the rations is given in Table 1. 

Table I. 


Composition of Rations, 



A. 

B. 

C. 

IX 

E. 

r. 

Peanutmeal. 

16-6 



7-8 

7-8 


Lucernemeal. 

— 

57 1 

55*7 

— 

28-6 

_ 

Oatmeal. 

— 

— 

— 

36-4 


— 

Cystine. 

— 

— 

'20 

— 

— 

— 

Ext. Egg white. 

— 

— 

— 

— 

— 

3-8 

Sucrose. 

10 0 

100 

100 

10-0 

10 0 

10-0 

Butterfat. 

8-0 

8-0 

8-0 

8-0 

8-0 

8-0 

Yeast Extr. 1. 

10 0 

10 0 

100 

100 

100 

10-0 

Agar 3. 

— 

— 

— 

— 

— 

20 

Codliveroil. 

20 

20 

20 

2 0 

20 

20 

NaCl. 

1-0 

10 

10 

10 

10 

10 

Salt Mixture 2. 

4-5 

4-6 

4-5 

4-6 1 

4-5 

4-5 

Starch . 

480 

7-4 

8-6 

20-3 

28-7 j 

68-7 

Total. 

1000 

1 1000 

1 100-0 

1 1000 

1000 

1000 

Per cent. Nitrogen.. 

j 

1-45 

1-62 

1-56 

142 

1-50 

i 

•650 


(^) Yeast extract was prepared according to the method of (Itter 3, Orent E. R. and 
McCollum E. V. J. B. C. 108, 2, 671-677, 1936.) 

(*) A modified Osborne and Mendel salt mixture, proposed by P. B. Hawk and B. L. 
Osier, 1931, Science Vol. 74 p. 369. 

(*) The fibre content was equalized by adjusting the agar in the rations compared. 
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Five to six pairs of rats were used in the different paired feeding 
tests. These were selected according to age, sex, litter and weight. 
Each pair received the same amount of food. The initial weights 
taken over three consecutive days, together with the total gains, 
total food consumption, and total gain per week of the different com¬ 
parisons, are summarized in tabular form. 

In Table II a summary of the comparisons between lucerne 
supplemented by *20 per cent, cystine and lucerne meal is given. 
In each pair the rat receiving the cystine supplement exceeded its 
mate in total gain in weight over the experimental period. Such a 
consistent outcome favouring either one or the other ration would 
have resulted from chance only twice in 128 trials. The average 
difference in gain between the six pairs is 13-5 with a standard 
deviation* of 6*5. According to Students probability table, when 

M 

Z which is equal to —-.—p— is equal to 2*0 and N^6, the 

^ St. Deviation 

chances are approximately one in 300 that this difference is due to 
chance. From a comparison of the weekly gains, it is seen that out 
of the 42 weekly comparisons, the cystine supplemented rat exceeded 
its pairmate in gains in 29 cases. This experiment, therefore, 
clearly demonstrates a difference between the two rations, and since 
the only difference was the inclusion of cystine in one ration, which 
proved to be superior to the control ration of lucernemeal, it must 
be concluded that the addition of cystine was instrumental in jiro- 
moting more rapid growth. 

From Table III it is evident that when peanut is supplemented 
by oatmeal, the resulting protein mixture is superior to that of 
peanut alone. Out of the 30 weekly comparisons of gains, 18 favoured 
the peanut plus oatmeal, while only 9 favoured the peanut ration. 
The average difference in total gains is 9 * 8 and the standard devia¬ 
tion 4*7. The ratio (Z) of the mean difference to the standard 
deviation is 2*1. With Z=:2*l and N = 5, the odds according to 
Students’ table, that the addition of oatmeal to peanutmeal was 
responsible for the more rapid gains experienced on the mixed pro¬ 
tein ration, are approximately 143 to 1. 

Nitrogen Metabolism Experiments. 

The same rations as were used in the paired feeding tests were 
utilized in the nitrogen metabolism experiments. An extra period 
consisting of lucernemeal supplemented by peanut in equal propor¬ 
tions in re8i)ect to protein was also included. The nitrogen low 
ration^was adjusted for its fibre content by the addition of agar to 
equal that of the protein ration under investigation. The collection 
periods were of 7 days duration and were in each case preceded by a 
preliminary feeding period of 6 days on the same ration. For the 
biological vahie determination of each protein a new series of rats 
were used, so that rats were not kept longer than 26 days on 
experiment. 


♦ Standard Deviation ~ 




164 







Pair 1. 

Pair 2, 

Pair3, 

1 _ i 

Pair 4. 

Pair 5. 

Pair 6. 

Lucerne 

and 

Cystine. 

Lucerne 

meal. 

Lucerne 

and 

Cystine. 

Lucerne 

meal. 

; 

! 1 

Lucerne 
! and 
Cystine. 

1 

Lucerne 
meal, i 

' 

Lucerne j 
j Lucerne 
and , 

n meal. 

Cystme. 

Lucerne 

and 

Cystine. 

Lucerne 

meal. 

Lucerne 

and 

Cystine. 

■ 

Lucerne 

meal. 


Initial wt. 

M'O 

OO'O 

lO'O 

63-0 

92-0 i 

92-0 

53-0 

52-0 

54'0 

49-0 

60-0 

54-0 

FUwt. 

140'0 

120’0 

142'0 

117-0 

135-0 I 

130-0 

122-0 

104-0 

105-0 

89-0 

108-0 

94-0 

Gain in grams. 

76'l) 

54-0 

72-0 

54-0 

43-0 1 

38-0 

69-0 

52-0 

51-0 

40-0 

48-0 

i-0 

TotalFood consumption 

509 

509 

530 

530 

474 : 

474 

493 

494 

407 

407 

410 

410 

SeUs. 

0 

6 

0’ 

j 

4 

' I 

1 

1 

8 

0 

16 

0 

I 

15 

Total gains per week.. 

7-0 

-0 

i 

j 6^1 

i 

-0 

3-2- 

-2 

4-2 

-1 

5-1 

-1 

4-1 

-2 


Tame III. 

i Rmris, h 
mi Peanut plus Oatmeal Rations. 


Pair 1, 

1 

Pair 2, 

Pair 3. 

Pair 4. 

Pair 5, 

Peanut 

meal. 

Peanut 

and 

Oatmeal. 

Peanut 

meal. 

Peanut 

and 

Oatmeal. 

Peanut 

meal. 

Peanut 

and 

Oatmeal, 

Peanut 

meal. 

Peanut 

and 

Oatmeal. 

Peanut 

meal. 

Peanut 

and 

Oatmeal. 


Initial wt. 

9-50 

97-0 

92-0 

99-0 

94-0 

87-0 

97-0 

99-0 

97-0 

105-0 

Final wt. 

130-0 

142-0 

125-0 

li-0 

124-0 

132-0 

124-0 

139-0 

126-0 

137-0 

Gain. 

35-0 

45-0 

33-0 

41-0 

i-0 

45-0 

27-0 

40-0 

29-0 

32-0 

Total Food consumption 

356 

356 

369 

369 

334 

334 

339 

339 

322 

322 

Eefusals. 

5 

0 

1 

1 

4 

0 

4 

2 

3 

2 

Total gains per week.. 

3-0 

'-3 ■ 

3-0 

'-3 

2-0 

1-4 

1 0-2 

1 

-4 

1-1 

-4 


9-3- 














Nitrogeih Metabolisjn Data and the Calenlation of Biological Values, 

N. Low Period for Lucerne plus Peanut Ration. 
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Biolo¬ 

gical 

Values. 

M M M 

Food N 
Retain¬ 
ed, 
mgm. 

M 1 1 M 

FoodN 

in 

LTrine 

mgm. 

MM 1 1 

Body N in Urine. 

Per day 
mgm. 

M 1 M 1 

Per 

100 gm. 
weight 
mgm. 

25- 07 

24-44 

24-02 

24-48 

26- 09 

Daily 

Urinary 

N 

mgm. 

22-94 

22- 48 
24-98 
20-44 

23- 74 

Absor¬ 
bed N 
mgm. 

M 1 1 M 

Food 

N in 
Feces 
mgm. 

M M 1 1 

1 

fen 

1 

05 

Per day 
mgm. 

M M M 

Per grm. 
food 
con¬ 
sumed, 
mgm. 

3-20 

2- 90 

3- 22 
3-31 
2-51 

Daily 

Fecsd 

N 

mgm. 

25- 55 

26- 97 
25-55 
25-17 
16-59 

Daily 

N 

intake 
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PLANT PROTEINS. 


As will be seen from Table IV the individual biological values 
of the lucerne peanut mixture varied from 63 to 71 with an averag-e 
value of 67. Since the biological values of lucerne and peanutmeal 
as determined in a previous paper [Smuts and Malan (1937)] are 
61 and 69 respectively, the value of 67 obtained for the mixture of 
these two proteins, at approximately the same level, can only be 
interpreted as indicating a nonrsupplementary effect. 

In the case of lucernemeal supplemented by *20 per cent, cystine, 
the individual biological values vary from 82 to 93 with an average 
figure of 87. This would mean that the addition of *20 per cent, 
cystine to lucerne increased the utilization of its absorbed nitrogen 
by 27 per cent: When peanutmeal is supplemented by oatmeal, in 
equal proportions in respect to protein, there seems to be a distinct 
supplementation between these two proteins. The biological value 
of peanut and of oatmeal as determined in a previous paper (Smuts 
and Malan 1937) w^as found to be 69 and 84 respectively. If no 
supplementation took place one would expect the biological value of 
the mixture to be 77. This value is lower than the determined bio¬ 
logical value of the mixture, namely 81. It seems therefore reason¬ 
able to deduce that supplementation has taken place. This conclusion 
is, furthermore,' suj)ported by the outcome of the growth studies in 
which the protein mixture of peanut plus oats is significantly 
superior to peanut alone, when fed at the same level of protein intake. 
Mitchell and Smuts (1932) have shown that oats are deficient in 
lysine. Since supplementation has taken place between oatmeal and 
peanutmeal, it seems obvious that peanutmeal must have been able 
to cover the lysine deficiency in oats. In a later paper it will be 
shown by means of paired feeding tests, that the addition of lysine 
did not enhance the growth promoting properties of peanutmeal. 

Summary and (conclusions. 

By means of the paired feeding method, it has been shown that 
the addition of cystine to lucerne significantly enhances the growth 
promoting properties of the latter, and that when peanutmeal is 
supplemented by oatmeal the resulting protein mixture is superior 
to that of peanutmeal alone. 

Nitrogen metabolism studies conducted on the same rations 
showed that the incorporation of *20 per cent, cystine in a lucerne 
ration definitely increased the biological value of lucerne, that no 
supplemeutation exists between peanutmeal and lucernemeal, and 
that supfjiimentation occurs between peanutmeal and oatmeal. 
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I. INTRODUCTION. 

The steadily increasing volume of literature on pasture research bears 
mute testimony to the interest taken by agricultural workers all over 
the civilised world in problems relating to the pastoral resources of 
their respective countries. This is not surprising in view of the fact 
that pasture represents the raw material for the manufacture of the 
most important animal products, such as milk, meat, wool, and hides. 

Problems associated with pasture research become imperative in 
a country such as the Union of South Africa wdiere more than 85 
per cent of the land is unfit for cultivation, being too dry, mountain¬ 
ous, or otherwise unsuitable, and can be utilised only for pasturage ’’ 
(Leppan, 1928, 1936). In this connection it may be pointed out that 
the rainfall of South Africa varies from about 50 inches on the Natal 
coast to less than 2 inches at Luderitzbucht on the w^est coast, w^hereas 
fully half of the Union receives less than 20 inches per annum, and 
only about a quarter receives more than 25 inches. The problems 
confronting the pasture investigator are (consequently many and 
varied. 

An important preliminary to intensive pasture investigations 
is exact knowledge wuth regarcl to the plant population of a country. 
The inception of a Botanical Survey of the Union in 1918, under the 
supervision of the Chief of the Division of Plant Industry was, there¬ 
fore, a step in the right direction. As a result of this work, in 
conjunction with that of earlier botanists, it became possible soon 
afterwards to divide the country into some nineteen main botanical 
regions (Pole-Evans, 1920). This work is still proceeding and aims 
at recording and mapping the chief types of plants in each of the 
different botanical regions. At the same time the necessity was felt 
for establishing permanent stations for veld research in these regions 
and several such stations have been founded, but it is not intended 
to follow their development in detail. Suffice it to state that these 
experiment stations are studying problems-of pasture research directly 
associated with the areas in which they are situated, 
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A great stimulus was furthermore given to pasture research by 
the decision of the Union Government in 1933 to combat soil erosion 
along national lines, for it is well known and appreciated that soil 
erosion and veld deterioration are closely related. A national scheme 
for pasture improvement and management thus came into being. 
The Devision of Plant Industry is mainly responsible for this work, 
and a review of their activities has been published by Pole-Evans 
(1936). 


Problems pertaining to the pastoral resources of a country can 
best be solved with the full co-operation of the botanist, the chemist, 
and the animal nutritionist. Whilst, however, the botanist will be 
primarily interested in “ the botanical composition of the vegetative 
covering, the habitat-range and limiting factors of the major pasture 
species, the factors which govern the destiny of the grassland 
associations, and the procedure necessary to avoid undesirable 
successions ”, the biochemist, on the other hand, will be interested 
primarily in the chemical composition of the pasture and the ejects 
thereupon of external factors such as rainfall and stage of growth. 
In conjunction with the nutritionist the biochemist is interested in 
the eft'ects of the pasture upon the animal. lie studies the chemical 
composition of the herbage to determine to what extent this can i)e 
correlated with its feeding value. To what extent, for instance, is 
the low value of certain types of grazing due to deficiency of one or 
more of the nutrients now known to be essential constituents of the 
diet. Developments in the science of nutrition have resulted in the 
recognition of the fact that animals are more likely to suffer from 
a lack of some inorganic salts, ])roteins under certain conditions, or 
of certain vitamins which are required in comparatively small 
amounts, than from an insufficiency of the energy-yielding and 
fat-forming (uirbohydrates. 

The value of chemical composition as a means of assessing the 
feeding value of pastures has been realised for a long time. As 
early as 1873 Muller suggested the chemical analysis of German 
pastures as a means of determining their feeding value. In their 
invesligations into the cause and prevention of Ijamziekte in 
Bechuanaland Theiler and his associates (1920) were able to 
demonstrate the deficiency of phosphate in some South African 
pastures and the necessity for supplementing the natural grazing 
with phosphate in one form or another. As a direct outcome of this 
classical work Henrici (1928, 1930) undertook a more detailed study 
of the phosphorus content of grasses in the Yryburg district and parts 
of the Eastern Transvaal. Somewhat later, in 1930, the Director 
of Veterinary Services inaugurated a series of monthly surveys 
of the pastures of the Union of South Africa with the object of 
ascertaining the extent of phosphorus deficiency in the pastures 
of the country as a whole. At the same time these surveys aimed at 
finding out whether deficiencies other than phosphorus also occur in 
the natural pastures, and at collecting data on the feeding value of 
natural pastures growing in different areas under different 
environmental conditions. In this way a mass of data on the chemical 
composition of samples of natural pasturage has accumulated at the 
Veterinary Ilesearch Laboratory at Onderstepoort. Some of this 
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information has been published by du Toit and his associates (1932, 
1935), and a paper on the results of analysis of a further four 
thousand samples is bein^ prepared for publication. 

These 8ami)les were obtained in the field in different areas by 
following the grazing animals and collecting the samples as selectively 
as the grazing animal followed selected its food. It soon became 
apparent, however, that pasture samples at all stages of growth were 
being received during any one month of collection with the doubtful 
exception of the winter collections from the greater part of the area 
covered when mainly mature, dry grass was received. The analyses 
therefore varied as the stages of growth did for different samples and 
it was soon realised that more definite knowledge on the influence of 
stage of growdh on the chemical composition of grasses was needed. 

With this object in view species of indigenous grasses w^ere 
established in pure stands on small plots and subjected to various 
systems of defoliation ranging from monthly cuts to one cut in every 
twelve moiiths. Ibeliminary results of these investigations were 
published l)y du Toit et al (1934, 1935), and indicated inter alia that 
grasses w'hich were allowed to grow undisturbed through the whole 
of the growing season and then left to dessicate on the veld became 
so low in their phosphorus and protein contents that animals which 
have to subsist entirely on such material would not ingest sufficient 
of these nutrients for maintenance requirements. Even aftermath 
growth, i.e. growth following upon a defoliation in February or 
March w^as relatively poor in phosphorus and protein if allowed to 
become dry on the veld. These results forced the conclusion that 
more and better use must be made of the produce of the growing 
season. 

Chemical composition in itself cannot, however, be of much, 
assistance unless it can be correlated with nutritive value. 
Unfortunately the determination of the latter entails much more wuirk 
than the former in that actual feeding experiments involving costly 
equipmeni, need to be carried out wfith animals. As a first ste]) 
digestibility data are of great importance, and, as pointed out 
recently by Ross (193f)), it is surprising how little has been done 
in this direction While it is realised that work done in other 
countries on the chemical composition of pastures in relation 1o tlieir 
nutritive value may be of great assistance to us in estimating the 
value of our pastures from data on chemical composition, the 
differences in vsbil type and fertility, flora, and climatic conditions, 
resulting in differences in: the chemical composition of the vegetation, 
necessitate undertaking of similar w'ork in the Union. 

The chief shortcomings of South African pastures are to be found 
mainly in the long periods of dormancy. In the summer-Tainfall 
areas of the Union the dry, cold winter months cause almost complete 
cessation of growth. The growing season commences'with the first 
spring rains, usually in September, and continues with varying 
intensity to about the end of April. The continued provision of 
nutritious grazing during this period could be accomplished by 
introducing system of rotational grazing. The adoption of a system 
which w^ould produce optimum results presupposes, however, an 
understanding of the factors influencing yield, chemical composition, 
and nutritive value of the pasture. 
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On the other hand, if the deterioration of the herbage in regaid 
to its nutritive qualities during the dormant season is borne in mind, 
and if it is admitted that farming in many parts of the country can 
be stabilised only when droughts are considered normal occurrences, 
supplementary feed in one form or another will have to be x>i'ovided; 
during the dry season if continued iiroduction is aimed at, and during 
times of drought it heavy losses of stock are to be prevented. 

The provision of su])])lementary feed could be accomplished in 
several ways. The utilisation of part of the annual maize croj) for 
this has been repeatedly advocated. The feasibility of 

combining rotational grazing with cutting for hay, thereby conserving 
any excess growth in a nutritious condition for the time of scarcity 
could with advantage be exjilored. In this connection reference may 
be made to a series of exj)eriments conducted at the (irootfontein 
School of Agriculture, Middelburg (Mare, 1937), and which aimed 
at ascertaining data on the influence of different systems of grazing by 
sheep on the j)ermanency and x>i"Gductivity of an established lucerne 
pasture. By ('ombining a system of rotational grazing with cutting 
for hay a uniform carrying capacity of 24 sheep per morgen during 
summer and winter was obtained for a period of three successive 
years. 

The problem of improving and supplementing the poor and 
inadequate grazing of summer and autumn in the areas of winter- 
rainfall and summer drought is receiving much attention at the 
Stelleribosch-Elsenburg College of Agriculture (Marais and Sim, 
1937). Lucerne, which was formerly considered suitable only for 
cultivation on irrigable soil, has been successfully established under 
diyland conditions at Elsenburg. Such a lucerne pasture was found 
to provide excellent grazing during May, June and July, the time 
of the year when other forage crops and the natural veld are as yet 
too immature to be grazed or cut for silage. Furthermore the first 
spring growth may be cut and conserved as silage or hay, after which 
the lucerne may be grazed until January. The possibilities of lucerne 
in the drier of the winter rainfall area are also being 

inv^estigated at tbat Institute. 

In many of the better favoured areas of the Union the production 
of forage crops under irrigation will certainly be of importance in 
providing supi)lementary feed, but unfortunately the X)ossibilities 
for irrigation schemes are limited. On the other hand, certain 
regions of the summer rainfall area are blessed with a rich glass 
flora which grows rapidly during the rainy season and, if not grazed 
down regularly, soon reaches a stage of qiaturity where it is 
unpalatable and of low nutritive value. By applying scientific 
methods of management some of this growth can be made to contribute 
towards the jirovision of supjdementary feed during the times of 
scarcity. A x>ossible system is considered to be the reservation of 
certain level areas on the farm solely for the purpose of cutting for 
hay at suitable intervals during the growing season. 

The investigation to be reported on in the following pages is an 
attempt to obtain information on certain phases of the jiossibility 
mentioned above and aims at finding an answer to the question : 
How often should grasses be cut for hay during the growing season 
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with the highest possible benefit to animals which have to be fed for 
maintenance or production of the material so obtained, and, at the 
same time, with the least possible injury to the vitality of the plants 
which have to continue yielding nutritious herbage during succeeding 
growing seasons. 


II. REVIEW OF THE LITERATURE. 

A review of the literature bearing upon the subject of pasture 
research would form an important investigation in itself, and would 
be out of place in an article of this nature. Only a limited number 
of references have been collected from available sources, and it is 
hoped that these will prove adequate for the purpose of illustrating 
some of the earlier work and the present state of our knowledge. 

The idea that the nutritive value of pasture is dependent upon 
its chemical composition is not new. The suggestion of Muller (1873) 
that the chemical analysis of German pastures should be undertaken 
as a means of determining their feeding value has previously been 
referred to. Towards the end of the last century the available data 
on the chemical constituents of plant ash were compiled by Wolff 
(1880). In more recent times Prof. E. Mangold of Berlin inaugurated 
a series of investigations into the mineral composition of the most 
commonly used (ierman fodders. The inaugural dissertation of 
Theel (1933) on the mineral content of meadow hays may be quoted 
as an example of this work. This investigator was unable to find 
a correlation between the mineral and organic constituents of hay, a 
protein-rich hay being often deficient in mineral matter. 

According to Orr (1929) the first systematic work on the chemical 
composition of plants was undertaken by Lawes and Gilbert 
(1856-1900). Detailed analyses of the ash were made and the results 
showed that the chemical composition of the mixed herbage was 
closely dependent upon its botanical composition and the stage of 
development of the plants. Orr states that it is interesting to 
note that work on these grass plots laid out at Rothamsled in 1856 
is still being continued An account of the more recent work at 
that station is given in a monograph by Brenchley (1924). 

Some of the earliest investigations into the chemical composition 
of South African feeding Muffs were made by Juritz (1890) when he 
published the results of a few analyses of some of the principal 
fodder plants of the Karroo. Similar work was continued by him 
(Juritz 1914) and others [Vipond (1914) and Marchand and Smit 
(1919)]. Howfever, no systematic investigation of South African 
pastures was undertaken until after the results of the work of Theiler 
and associates (1920) on Lamziekte in relation to phosphorus 
deficiency became known. In fact, it may be stated in general that 
interest in the mineral composition of pastures has been largely 
influenced by development in our knowledge of the food requirements 
of animals. Since certain pastures had been proved to be so poor in 
one or other constituent that this deficiency may cause disease in the 
grazing animal, it became a matter of economic necessity to study 
the composition of natural pastures, anJ the factors having an 
influence on that composition. The problem was considered to be of 
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such importance that as a result of the answers received from the 
various Governments within the British Commonwealth of Nations 
to a questionnaire issued by a sub-committee of the Civil Research 
Committee of the British Cabinet, the whole question of the mineral 
content of the pastures was reviewed by Orr (1929) in a monograph 
containing all the available information bearing on the subject in an 
easily accessible form. 

At the suggestion of Major Elliot (1926) a systematic investiga¬ 
tion of the chemical composition of pastures was begun at the Rowett 
Institute, Aberdeen, in 1923. Samjiles of pasture were collected from 
many grazing areas in Britain and from some overseas parts of the 
Eminre. From data so accumulated Godden (1926) was able to show 
wide differences in the mineral content of i3astures of different origin. 
The following table given by Godden may be quoted as an illustration 
of the dry matter composition of poor and rich pastures: — 



% CaO 

% P2O5 

% Na^O 

% K,0 

% Cl 

% N 

Island of Lewis— 

Eaten. 

•286 

•243 

•377 

•678 

•115 

1-340 

Not eaten. 

i -295 

•177 

•379 

•540 

•102 

1-029 

Falkland Islands. 

•225 

•488 

•290 

1-980 

•580 

1-650 

Taplow Pastures highly treated. 

2-473 

•997 

•698 

2:i98 

•498 

3-562 

Average for cultivated pastures.. 

1 004 

•735 

•246 

3177 j 

•950 

2-8:10 


The herbage of untreated natural pastures was found to be 
markedly poorer than that of cultivated pastures in ]’espect of 
minerals and nitrogen, while the percentage of mineral constituents 
in the ash of not eaten ’’ grass from the hill pastures were only 
about 50 per cent, of those in the ash of “ eaten ’’ grass. Sheep thus 
appeared to eat, l)y preftnence, the herbage which contained tlie 
higher percentage of mineral ingredients. It was further shown that 
in s])ite of marked differences in the mineral content of the different 
types of pasture there was little difference in their caloric value as 
calculated. 

In South Africa Taylor (1922) collected samples of grass species 
occurring most commonly on the veld of the Cedara experimental 
farm at approximately the same period of each year. These samples 
were taken when the grasses were in the early flowering stage, and 
the phosxdiate (P 2 O.O content of the average veld grass was found to 
be very constant at about 0 2 jrer cent, of the dry matter. Henrici 
(1928) observed that the phosjrhate content of grasses fluctuated to 
a marked degree in the course of the year, and that the Armoedsvlakte 
grasses had a phosphate content only one-half to one-sixth of that of 
European grasses. A similar state of affairs existed at Ermelo 
(Henrici, 1930), although the rainfall in this district was higher than 
at Armoedsvlakte. The same investigator (1932, 1934, 1935) 

continued her work on the mineral composition of natural pastures 
in various other parts of the country. Everywhere she found grasses 
to be poor in phosphate content when comjiared with values for 
European cultivated pastures. Sodium and nitrogen were also found 
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to be distinctly low in some cases. On the other hand, the bushes of 
the Eastern Cape Province were higher in protein content than the 
grasses and most of them were rich in phosphorus and calcium. 

Du Toit and co-workers (1932, 1935) analysed many thousands of 
samples of natural pasturage from different areas in the Union in 
addition to studying the mineral and protein content of individual 
grass s})e(?ies at different' stages of growth. They concluded that 
practically all South-African pastures were low in phosphorus for 
the greater part of the year. Diff'erent species of grasses grown on 
the same soil showed remarkable variations in comiiosition at the 
same stage of growth, while the percentage of certain constituents, 
phosphorus, potassium, nitrogen, and chlorine, decreased to a 
remarkable extent in all species as the period of growth advanced 
beyond one niontli. Crude protein varied more or less directly with 
the phosphorus content and is extraordinarily low during certain 
seasons of the year. Generally the sodium content was so low' that 
it suggested an insufficiency of this constituent for ])roducing animals 
on pasture. 

A considerable amount of attention has been devoted to the 
factors affecting the yield, mineral, and ])roiein content of pasture 
species as such studies were regarded as fundamental 1o any extensive 
wurk in the field. In this connection the wmrk done by Australian 
investigators deserves to be mentioned. Tlichardwson, et al (1931) 
found that pure species grown under similar soil conditions in 
controlled pot cultures and harvested at a definite stage of growTh 
show'ed wide differences in mineral and nitrogen content and in 
relative yielding capacity. Growth stage was found to exercise a 
determining influence on the nitrogen and mineral content of 
pasture species. Nitrogen assimilation and the absorption of essentiaT 
nutrients were most active at the tillering stage, w hile photosynthesis 
rose to a maximum shortly after the flowering si age. The peiceniage 
of nitrogen, phosphoric acid, potash, and to a lesser extent, calcium 
and magnesium in these plants thus fell rapidly from the early 
tillering stage to maturity. The application of soluble phosphate 
did not materially affect the phosphorus content of plants gr()wn on 
fertile soil. On the other hand, dressings of superphosphate on 
phosphorus defi(!ient soil increased the phos])horus content and the 
yield of the herlmge. Davies and Sim (1931) obtained the highest 
yield of dry matter from a natural jiasture by allow ing the herbage to 
reach maturity, more fiequent cutting tending to reduce the yield. 
However, three cuts during the growing season yielded ai)proximately 
94 per cent, of the dry matter obtained from one cut, and i)roduced 
herbage of higher nutritive value than that of mature herbage. 

Through these investigations it has been shown that while the 
environment expressed in terms of climate, soil composition, and 
pasture management exerted an important influence on the mineral 
content of the individual plant, there was a limit to the ability of 
plants to make use of available plant nutrients, which was imposed 
by the nature of the species itself. The necessity for further w^ork 
on pure species in regard to their suitability for specific environmental 
conditions with a view to introducing 8ucb'"B]>eeies into the permanent 
pastures was obvious. Applying varying systems of defoliation to 
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a perennial grass, Fhalaris tuberasa wliich was found to be persistent 
and of high yielding capacity in the Australian zone of winter rainfall 
and sunirner drought (Trumble and JJavies, 1931) Kichardson, et al 
(1932) concluded that a system of three (uts during the growing 
season would probably give oi)timum results, if the yield of dry 
Ilia Iter, the yield of nutrients, and the iiernianence of the plant i n an 
arid environment were taken into consideration. 

Cashmore (1934) made a comparative study of Lolium perenne and 
Fhalaris tuherosa, and found that Ihe latter was the more persistent 
and more productive species wlien once established. Preliminary 
work involving trials of specvies, strains, and mixtures of herbage 
plants suitable for an irrigated reclaimed swamp has been started by 
Trumble and Davies (1934). They indicated that the yield of 
mixtures (*ontaining perennial rye-grass, cocksfoot, white and red 
clover was approxijuately double that of the best perennial rye-grass 
[)ure swards. 

A clear picture of tlie various projects in grassland research 
being studied in Australia at the ])resent time is obtained by a perusal 
of a bulletin recently published by the Imiterial Bureau of Plant 
Genetics, Aberyslwyth, Wales (1934). 

According to McConkey (1931) grassland ])roducls form 94 per 
(*ent. of the total exports of ]Sew Zealand. In view of this fact and 
(•onsidering that the country is lilessed with a well distributed annual 
rainfall it is not snrprising to learn that nowhere in the world is 
the standard of pasture management higlier than in Jsew Zealand 
(Grassland Pesearch Gommittee, Pretoria University- African 
Ex|)losives and Ind. Ltd. 1932). However, while the favourable 
climatic conditions were no doubt a contiihulory factor, the 
investigations by (.k)ckayne, Bruce Levy, Hudson, and others (1933) 
on the testing of species and strains which would prove most suital)le 
for the environment, and the influence of fertilise!’ and management 
on the ])roduciivity of the ])astures, have been and will l)e the main 
factor in deciding on the most efficient methods of ulilising the 
herbage. 


nirough their researches into the chemical comiiosition and yield 
of individual species of grasses h'agan and Jones (1923) did much to 
clarify thought on some as])ects of pasture management. Attention 
was focussed on the diffeTences in yielding capacity and chemical 
composition of individual species. It was shown that the total protein 
produced by liay and aftermath was less than that given by a 
smaller yield of several pasture cuts. The contradictory results in 
regard to the yield of dry matter obtained by Stapledon et al 
(1925-26), who found that the yield of Italian Bye-grass was 
increased with increasing number of cuts was attributed by them 
partly to the fact that this species recovered very quickly after 
cutting or grazing. 

Taylor (1929, 1932) also studied the influence of season and 
fertilizer on the yield and chemical composition of pasture under 
different intensities of grazing. His conclusions were in the main 
the same as those arrived at by other investigators. A few points of 
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special interest may, however, be referred to. It was found that the 
protein content of Themeda triandra var. Burchellii, the predominant 
species of the Hooigras veld of Natal, was considerably lower than 
that of European grasses after a similar period of growth, the figures 
for fort-nightly and monthly cuts being on an average 12*25 per cent, 
and 10*0 per cent, of the dry matter, respectively. As pointed out 
by Paterson (1938, 1935) the more rapid growth of plants in tropical 
regions as opposed to growth in the temperate zones of the world 
may produce a much quicker drop in the percentage of protein. 
Further, cutting the herbage at fort-nightly intervals killed so many 
plants that it was not possible to continue the experiment on the 
same quadrats during the following season. Du Toit et al (1935) 
found that cutting at monthly intervals may also prove at times 
too drastic for the vitality of the plants. 

Prior to the now well known work of Woodman and his co-workers 
(1926, 1927, 1928, 1929, 1931, 1932) of the Animal Nutrition 
Institute, Cambridge, little was known . in regard to the digestibility 
of grass at the pasture stage of growth. This work is fundamental to 
a knowledge of intelligent pasture management and the feeding of 
stock on pasture. The yield, chemical composition and digestibility 
of pasture after periods of growth ranging from one week to five weeks 
were studied. It was found that pasture cut at weekly intervals had 
a protein content around 25 per cent, throughout the whole 
season, and a digestibility of over 80 per cent. In fact, the 
digestibility and nutritive value of such closely grazed pasture 
compared very favourably with that of a concentrate such as linseed 
cake, and if supplementary food was needed on pasture of this 
nature it should be given in the form of a carbohydrate-rich food 
which would balance the ration. Monthly rotational grazing was 
found to provide the optimum conditions for the maximum yield of 
starch equivalent from pastures. Close-grazing at monthly intervals 
had the further advantage over more drastic systems of conferring 
on the herbage a balance ’’ which rendered it more suited tn form 
the sole diet of farm animals. Lengthening of the interval of 
unchecked growth from a month to five weeks vshowed a slight falling 
off in nutritive value, though the actual yield of starch equivalent 
and digestible protein may suffer no depression. The following table 
shows that in Woodman’s 1925-26 experiments, though the dry matter 
produced under hay management was about double that produced 
by pasture, yet in terms of starch equivalent the yield was 
approxiinately the same, -while the pasture crop produced considerably 
more protein per acre : — 



lb. per 

acre. 


Pasture. 

Meadow. 

Dry matter... j 

3667 0 

7990-0 

Starch equivalent... 

2632.0 

2880.0 

Digestible protein.....-. ^^ 

754-0 

466-0 
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Koss et al (1927, 1931) tested the digestibility of Teff and Lucerne 
hay for sheep and cattle. Whilst the values for these mature 
materials were very much lower than those for the pasture cuts in 
Woodman’s work, they did not differ markedly from data for material 
of similar composition elsewhere. 

That the intensive rotational system of grassland management 
holds out definite possibilities in certain regions of the Union has 
been indicated by some recent experiments. Taylor (1931) kept two 
Friesland cows from October to May on two-thirds of a morgen of 
fertilised Kikuyu pasture. The plot was divided into three camps and 
the grazing rotated on these for the period mentioned. No 
supjilementary feed was given and the production of milk was more 
than 2,000 gallons per morgen. Analysis of the herbage at intervals 
during the trial showed the following composition for the dry matter : 


Crude protein. 19-0 — 28 () per cent. 

CaO. 0*33 — 0*53 per cent. 

PgOfi. 0-83 — 1-07 per cent. 


Moses (1934) presented data which indicated that under normal 
conditions in the tropical coastal belt of Natal the carrying capacity 
of a fertilised Kikuyu pasture was in the neigli hour hood of 1^ head 
of mature cattle per acre. Cutting the herbage within enclosed 
quadrats at the grazing stage produced from 12,000 to 14,000 lb. of 
dry matter ])er acie in tlie course of 12 months. The average crude 
protein and phosphate (P 2 O 5 ) contents of the dry matter vrere 14'0 
per cent, and 0*80 per cent, respectively. 

It is evident then that the main factors influencing the chemical 
composition of pastures are species of plants, stage of growth of the 
plants, climatic conditions, and the nature of the soil. Of these 
factors stage of growth appears to be the most important, in that the 
percentage of nitrogen, })hosphorus, potassium and to a lesser extent 
calcium and magnesium in the dry matter of the plants falls rapidly 
from the early tillering stage to maturity. Furthermore, the yield 
of dry matter is generally highest when the herbage is allowed to 
reach the mature stage of growth before being harvested, and, finally, 
increasing maturity depresses the digevstibility of the herbage. 


Section A.—The Influence of Frequency of 
Cutting on the Yield and Chemical Com¬ 
position of Grasses. 


III. PLAN OF THE INVESTICATiON. 

Til February, 1934, an area of natural veld on flat open country 
about a mile from the Onderstepoort Laboratories was ploughed, the 
existing vegetation removed and the soil cultivated to a depth of 
about 9 inches. 
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The Boil profile has been described as follows: 

Horizon Ai—About 9 inches deep, consisting* of loose crumb 
structure, reddish browm, light sandy loam of 
fine texture on the surface and gradually 
becoming firmer lower down. 

Horizon Aa—About 8 inches deep, more compact than A,, 
but also of fine sandy appearance, brown in 
colour. 

Horizon B—About 8 inches deep, yellowish-grey in colour, 
firm and sticky (with moisture) but containing 
still a high percentage of sand. 

Horizon C—Partially weathered and decomposed gravel 
derived probably from Norite. 

The loss on ignition was found to be 4*8 per cent, for horizon 
Aj, while chemical analysis showed it to contain 0*00025 per cent, 
available phosphate (P 2 O 5 ), 0 111 per cent, available lime (CaO) 
and 0*073 per cent total nitrogen. 

For the estimation of the available lime and phosphate an extract 
was prepared by shaking the air-dry soil with one per cent, citric 
acid in the ratio of 1 ! 10 in a suitable container for one hour, 
allowing the mixture to stand overnight, and shaking it for a further 
one hour before filtering. Calcium and phosphorus were determined 
on this extract by the usual methods. 

A total of 25 plots, each (24 x 17) square feet was laid out on an 
area of approximately (60x40) square yards in such a manner 
that each plot was bounded by a path, 3 feet wude, running between 
plots as indicated on the accompanying chart. 

Five species of indigenous grasses, each re])licated five times, 
were planted on the plots in a Latin Square arrangement. The 
species selected were Chloris gayana (Rhodes grass), Panicum 
ma<xvmu7n (hairy Buffelsgras), Cenchrus ciliaris (Bulfelsgras), 
Digitaria Pentzii, PreAoria small, and Setaria LindeTihergiana. 

The Chloris and Ceiichrus species were obtained from the 
Prinshof Pasture Experiment Station, Pretoria, and from Pienaar’s 
River in the Pretoria district, respectively. The Setaria species came 
from Pretoria North while the remaining two grasses were collected 
locally. 

The grasses were propagated from roots and the method of 
planting was briefly as follows: The aerial portions of the plants 
which were dug' up in such a manner that most of the roots remained 
intact, were cut off leaving about 4 inches of the basal internodes of 
the tillers to the roots. The stools w^ere then split up into smaller 
'units of a few tillers with roots each and these planted in rows 12 
inches apart, so that only the root portions w^ere underground and 
in intimate contact with the soil. Each plot was watered after 
being planted. 

Owing to the advanced stage in the season when the grasses 
were planted and in spite of frequent watering during March and 
April very little growth took place before winter set in. At the 
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commencement of the following growing season it was observed that 
with the exception of Rhodes grass and the Digitaria species the 
majority of plants failed to grow. It was consequently decided to 
utilise the whole of the 1934-35 season for the purpose of establishing 
uniform stands on all the plots. Due to the growth habit of the 
Chloris and Digitaria species^ both grasses being of the stoloniferous 
type sending out runners which root at the nodes and so form new 
plants, this ideal was realised by the end of the season in the case of 
the two species mentioned without further attention except occasional 
watering and weeding. On the other hand much attention had to 
be devoted to the establishment of the three bunch grasses, especially 
the Setaria and Panicum species^ in the way of replanting. Where 
plants failed to grow new plants were introduced during October. 
Several of these plants again failed to take root and had to be 
replanted in December and January. Through these efforts fairly 
uniform stands of growing stools were obtained, but owing to the 
difference in time of planting a number of stools were inferior in 
development to the majority which commenced growing during the 
previous season and early in the 1934-35 season. 

P/an of experimental area showing layout of plots. 
r A, B, C, D, and E represent grass species 1 
I 1,2, 3, 4, and 6 represent cutting treatments J 
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Nevertheless, in April, 1935, the grasses on all plots were cut 
short. A certain amount of growth took place following this cut. 
The investigation commenced when on the 25th October, 1935, the 
remaining dry matter from growth of the previous season was 
removed by cutting to about 2 —4 inches from the ground. Each 
of the 25 main plots was pegged to a size of (22x15) square feet 
leaving a border of 12 inches wide all round. Main plots were 
again sub-divided into five equal sub-plots measuring (22 x 3) square 
feet. A different treatment was allocated at random to each sub-plot 
within a main plot so that there were five replications for each 
treatment. A restriction was, however, applied to the randomisation 
of treatments within plots. Reference to the chart reveals this 
restriction to be that with regard to rows a treatment occurs once only 
in the same position within a main plot. 

The experiment covered two successive growing seasons and the 
treatments applied were : — 

(1) Cutting the herbage at monthly intervals, 

(2) Cutting the herbage at 2-m()nthly intervals, 

1^3) Cutting the herbage at 3-monthly intervals, 

(4) Cutting the herbage after 4 months’ growth followed by an 

aftermath cut of 2 months’ growth, and 

(5) Cutting the herbage once only towards the end of the 
growing season, usually a 6-monthly cut. 

The objects of the investigation were to study the effect of the 
treatments severally on the yield, chemical composition and 
digestibility of the grasses. Nitrogen, phosphorus, and calcium 
balances were, however, also determined. 


IV. METEOROLOGICAL DATA. 

The main features in the weather conditions for the period of 
the experiment are given in table I. Eor the purpose of comparison 
the average monthly rainfall from January to Dcember for the last 
25 years is included in the table. It will be seen later that for the 
two seasons covering the experiment the plots were harvested in 
each case for the last time early in April. Consequently, the rainfall 
which could have influenced the composition and yield of the herbage 
obtained was that recorded for the period September to the end of 
March. Comparing the rainfall during the period mentioned for the 
two seasons of the experiment with the average, it is found that the 
total for l)oth seasons is above the normal. The figures are 27 45 
inches and 29-58 inches for the 1935-36 and the 1936-37 seasons, 
respectively, while the average total for the last 25 years is only 
24*95 inches. On the other hand, a glance at figure 1 giving the 
distribution of the rainfall as monthly totals for the seasons of the 
experiment reveals several deviations from the normal. Up to 
January the 1935-36 season was abnormally dry, while the 1936-37 
season approximated more closely to normal conditions except for a 
dry spell in December. During both_aea8ons more rain fell after 
January than the amount normally tegisteTed. However, the 
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Rainfall (^ 2 / total rainfall for the last 2h years included. 


Day of Month. 

November. 

December. 

January. 

1937. 

February. 

March. 

April. 

1.^ 







— 

— 

0-32 

— 

— 

— 

... 

A .J 

— 

— 

0-75 

0-05 

— 

— 

— 

— 

0-22 

015 

— 

— 


0-08 

— 

— 

0*42 

0*04 

— 

.. 

7 .. 

— 

— 

M4 

— 

— 

0*80 

— 

— 

— 

0-21 

0*03 

0*14 

^ . 

1-45 

— 

0-35 

0-09 

— 

— 


0-26 

0 10 

— 

4*26 

— 

— 

10.. 

]\ . 

0*85 

0-04 

— 

3*89 

— 

— 

0‘(54 

0-11 

— 

0-02 

— 

— 

1 >> . 

0-26 

0*18 

— 

0*66 

— 

0*44 

1 . 

— 

010 

— 

— 

— 

0*01 

14 . 

— 

— 

0 03 

0*72 

— 

— 


0*22 

0*33 

0*04 

0 03 

— 

— 

16. 

17. 

— 

0-32 

— 

0 06 

0*03 

— 

0-18 


— 

0 06 

0*04 

— 

18. 

0-71 

— 

— 

— 

— 

— 

19 .. 

0-03 

— 

-—. 

— 

— 

— 

20 . 

0-27 

— 

0 03 

0*02 

— 

0*03 

21. 

0-03 

— 

— 

— 

0*56 

— 


()-34 

— 

— 

— 

— 

— 


0-33 

— 

— 

— 

— 

— 

24. 

0-83 

— 

0-17 

— 

— 

— 

2n . 

— 

0-05 

0-05 

— 

0*18 

— 

26. 

__ 

— 

0*15 

__ 

— 

0*77 

27. 

— 

— 

0*81 

— 

— 

— 

28. 

— 

— 

0*30 

— 

0*16 

— 


0-06 

1-46 

0*15 

— 

0*34 

— 

30 . 

— 

0-68 

— 

— 

— 

— 

31 . 

— 

— 

__ 

— 

— 

— 

Totai. 

6-54 

3-37 

4*51 

10*64 ■ 

L-. 

1*38 

2 * 20 

Average monthly totj 
for last 25 years ; 

5-33 

4-79 

4*87 

3-84 

3*39 

0*97 

Average Maximum teri 
porature '\F'. 

82-2 

88-0 

85.0 

84*2 

85*8 ^ 

82*2 

Av(?rage minimum ter) 
po'ature °F. 

54-5 

55-5 

59*5 

59*4 

53*9 

45*8 
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distribution of the rainfall for the latter half of the 1930-37 season 
was such that plant growth did not receive the maximum benefit 
from it. Early in February heavy downpours were experienced 
and this was followed by dry and hot weather intermittently relieved 
by light ineftecdive showers. Dry spells during both seasons were 
accompanied by high maximum temperatures (see fig. 1). The 
variations in the average monthly miriimum temperatures did not 
show marked differences during the two seasons. 



Fig. 1.—Showing monthly rainfall and average maximum temperatures for 
the seasons 1935-36 and 1936-37. 
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V. TECHNIQUE. 

(1) CiniTNG AND UrYING OF HeRRAGE. 

While it was intended k> cut the herbage according to the scheme 
given under “ plan of the investigation ”, weather conditions did 
not permit of this plan l)eing stricdly adhered to. Thus, growth 
was so poor during the first half of the 1985-36 season that the first 
monthly cuts could not be made before the beginning of January. 
Until early in April, the concluding date for cutting operations for 
the season, four monthly cuts and two 2-monthly cuts were obtained. 
There was one 4-monthly cut, while those x>ortions of the j)lots which 
should have been cut after 6 months were harvested at the same time 
as all other portions early in Aiiril, and considered as 4-monthly 
cuts. . The herbage obtained under the 3-monthly system of cutting 
for the season was made up of a 3-monthly cut on the 3rd March, 
and another cut only a month afterwards on the Gth Ajiril. This 
w^as unfortunate since the 3-monthly treatment was, no doubt 
detrimentally affected by this monthly cut when (•omi)ared with other 
more lenient systems. 

Iteporting'on the trend of organic food reserves in Alfalfa roots 
as affected by cutting i)ractices, Granfield (1935) found that frequent 
cutting as in pre-ffowering stage appeared to result in lower 
carbohydrate and nitrogen contents of the roots when winter arrived, 
and conversely with infrequent cutting. Also, the amount of growth 
which took place after the last regular cutting had a material 
bearing on the leserves stored in the roots before winter. Permitting 
the aftermath to remain during the winter, instead of removing it, 
aiiiieared to result in more vigorous growth during the following 
spring. 

In view of these observations by Granfield the xiresent exxieriment 
was designed to have the last cuts as early as possible in April and 
to allow the small amount of growth taking xdace before winter set 
in to remain on the plots. At the same time, the deviations from the 
general plan of the investigation, exemx)lified, for instance, by the 
application of monthly cuts to x^oi'fions of the plots to which a 
3-monthly cutting treatment has been allocated, were made necessary 
by the circumstance that the investigation aimed at comx)aring the 
yield of dry matter under five different treatments and the x^eriod 
of growth for all systems had consequently to be of the same duration : 
the final cuts for each treatment had to be on the same date. 

During the 1936-37 season cutting was commenced wdth somewhat 
earlier, the monthly and 2-monthly portions of all plots being cut 
for the. first time on the 15th December. After this date cuts were 
made according to plan except that no monthly cuts were made in 
March owing to poor growth. 

Cutting was done by hand with a sickle to about 2-4 inches 
from the ground, dexiending upon the growth habit of the sx^ecies. 
^hus the stoloniferous species, Chloris smd Digitariaj were cut shorter 
than the three bunch grasses. The material w^as sampled for dry 
matter, determination immediately after:being ^nd then spread 
open on grain bags on the ground to dry in the sun until about 
4 p.m. in the afternoon. Small samples were usually found to be 
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almost dry by this time if cut by 10 a.m. However, all samples were 
collected in hessian bags in the afternoon and removed to a corrugated 
iron building near the laboratory, where they were hung up to dry 
in the bags. When air-dry the inaterial was weighed and the figures 
so obtained were used to compaie the yield from the different species 
and treatments. 

It is realised that these figures do not represent the true yield 
of dry matter as cut, since it has been reported (Kirsch, 1933) that 
loss of dry matter, presumably through respiration, occurs with even 
the best known methods of hay-making. Whereas dry matter has 
been determined on the herbage as cut the best procedure would have 
been to weigh the fresh herbage and then calculate the w^eight of dry 
matter. No facilities w^ere, however, available on the site of the 
experimental plots so that tlie only alternative w’as to w^eigh the 
air-dry material. Whilst the method employed does not give absolute 
values for yield of dry matter it does serve to show up the relative 
yielding capacities of species and treatments. 

It may be added that the material inside the bags w'as turned 
over occasionally so that no ‘‘ heating ’’ of the grass occurred. 


(2) Chemical Methods. 

For the determination of dry matter about 250-300 gm. of freshly 
cut herbage was introduced into an ordinary canned-fiuit flask and 
the lid tightly screw^ed on. The flask wu‘th its contents w^as then taken 
directly to the lal)oratory about a mile awuiy and weighed. The 
herbage wtts transferred to a small canvas bag and dried to constant 
weight at 100^ C. 

For the puri)ose of determining chemical composition the 
material from the five leplications of any one species and treatment 
was treated as a single sample. Thus, the air-diy material obtained 
from the five replications of the monthly cuts of llhodes grass in 
January, for instance, was mixed after weighing and a representative 
sample of about 100 grams iaken. This wms finely ground, bottled, 
and put awTiy tor chemical analysis. 

Crude protein, crude fibre, and ether-soluble extract were 
determined by the usual methods employed by agricultural workers. 
Total ash, silica-free ash and the extract for *the determination of 
calcium, magnesium, potassium and sodium wa^re obtained by a 
method described by Louw’ (1934). A seperate extract was prepared 
for the determination of pho8])horus and chlorine according to the 
directions given by Malan and van der Lingen (1931). The essential 
difference between the methods for preparing the two extracts wos the 
addition of calcium acetate solution to the material before 
incineration in the case of the phosphorus-chlorine extract. All 
inorganic constituents, excepting chlorine, were determined by 
micro-methods. The following are brief deails of the principles on 
which the methods employed are based : — 
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(i) Phosphorus, —Methods of Bell and Uoisy (1920) and Deniges 
(1920), adapted for the determination of phosphorns in grasses by 
Malan and van der Lingen (1931).—Principle—Molybdate added to 
test solution. Phosphomolybdate is formed. This is reduced by 
hydroquinone and sodium sulphite or by stannous chloride to form 
a blue compound which is estimated colorimetrically. 

(ii) Calcium, —Method of Clark and Collip (1935). Principle- 
Oxalate added to test solution. Calcium oxalate is formed and this 
is titrated wdth a 0*01 N potassium permanganate solution. 

(iii) Mapnesium. —Method of Briggs (1924) modified by Malan 
and Van der Lingen (1931) and Holzapfel (1934). Principle—The 
calcium present is preciiiitated as oxalate and subsequently the 
magnesium as magnesium ammonium phosphate after which the 
phosphorus is dtermined colorimetrically. 

(iv) Potassium. —Method of Kramer and Tisdall (1921) adapted 
to grass analysis by Malan and van der Lingen (1931) and modified 
by Hubbard (1933). Principle— Potassium is precipitated under 
standarised conditions as potassium sodium cobalti nitrite which is 
titrated with O'Ol N potassium permanganate solution. 

(v) Sodium, —Method of Barrenscheen (1927) modified by Louw 
(1933). Principle—Sodium is precipitated as the triple acetate, 
tlranyl-zinc-sodium acetate. Potassium ferro cyanide is added to the 
triple acetate in solution. A browm colour is formed, the intensity 
of which is proportional to the amount of uranium present. 

(vi) Chlorine. —Volhard’s method for the detection of halides 
was adapted by Malan and van der Lingen for the determination of 
chlorine in grasses. Principle—Chloride is precipitated as silver 
chloride by the addition of silver nitrate to the test solution and the 
excess silver nitrate titrated with iiotassium sulpho-cyanide. 


VI. RESULTS. 

(1)The Influence of Frequency of Cutting on the Yield 
OF DRY MaTJ’ER. 

The aggregate seasonal yields of air-dry herbage for individual 
cutting treatments, species, and reiilications for the two seasons of 
the experiment are given in tables 2 and 4. The arrangement of the 
data within the tables is similar to the lay-out of the plots (see chart), 
except that the figures giving the yields of air-dry herbage for 
treatments have been re-arranged within rows in order to facilitate 
the drawing up of the tables. Row totals and column totals are 
included in the tables as these figures are made use of in the method 
employed for the statistical analysis of the data. Two additional 
tables are given for the purpose of applying this analysis. These 
are tables 3 and 5 giving the grand "Keasonal - totals for air-dry 
material for species and cutting treatments. 
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The following is a statistical analysis of the yield data made 
under the direction of Di*. A. Ijanrence of the Division of Economics 
and Markets, Union Department of Agriculture. 


{a) 1935-36 Season. 


Crude Calculations from Tables 2 and 3. 

Tot<al sum of squares of deviations = (Sum of squares for sub-plots) — (Grand total)” 
for all sub-plots - 


125 


= 850,192,293 

- 350,192,293 

- 35,606,000 


(198,301)” 

125 

- 314,586,293 


Total sum of squares of deviations — 
for plots = 


(Sum of scpiares for j>lots) 314,586,293 
Vs (1,710,795,019) 

342,159,004 - 


== 27,572,7n. 


Sum of squares for rows 


= (Sum of squares for row •— 314,586,293 
totals) 

V 26 (7,889,521,591) - 

-- 315,580,864 - 

- 904,571. 


Sum of squares for columns 


^ V25 cf squares for column — 314,586,293 
totals) 

-- V 25 (7, 994,996,067) 

=- 317,799,843 
- 3,213,550. 


Sum of squares for varieties 


— V 26 of squares for variety — 314,586,293 

totals) 

^ V25 (8, 334,076,755 - 

-- 333,363,070 - 

- 18,776,777. 


Total sum of squares — (Sum of squares of 25 totals -- 314,586,293 

in table 3) 

- V 5 (1,689,171,211) 

- 337,834,242 - 

- 23,247,949. 

Sum of squares for cuts = (Sum of squares for cut — 314,586,293 

totals) 

= V 26 (7,933,707,285) 

- 317,348,291 ~ 

= 2,761,998. 


Sum of squares for inter-action = (Total sum of squares) — (sum of squares for 
(cuts X varieties) varieties + sum of squares for cuts) 

= 23,247,949 - (18,776,777 -f 2,761,998) 

= 1,709,174. 
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Table 2 . 


Yields of Air-dry yrass in grams per 66 0 square feet, 
1935-36 Season. 


Cutting Intervals. 

C. 

K. 

I). 

B. 

A. 

Total. 

Row 

Totals. 

1 month. 

2 months. 

3 months. 

4 months. 

6 months.. 

1,037 

1,523 

1*444 

1,676 

1,470 

1,382 

1,661 

1,979 

1,765 

1,658 

953 

761 

951 

1,070 

869 

1,162 

1,963 

2,055 

2,097 

2,723 

1,418 

1,205 

1,426 

1,745 

1,382 

6,452 

7,113 

7,855 

8,353 

8,102 

37,875 

Total......... 

7,150 

8,445 

4,604 

10,500 

7,176 

37,875 



1). 

C. 

A. 

E. 

B. 



1 month. 

2 months. 

3 months. 

4 months. 

6 months. 

1,043 

1,043 

1,231 

1,243 

1,185 

1,011 

1,190 

1,499 

1,230 

1,743 

851 

1,194 

931 

1,265 

1,117 

2,256 

2,808 

2,434 

2,940 

2,728 

2,240 

2,273 

2,314 

2,285 

2,710 

7,401 

8,508 

8,409 

8,963 

9,483 

42,764 

Totai. 

5,745 

6,673 

5,358 

13,166 

11,822 

42,764 



B. 

1). 

E. 

A. 

0. 



1 month... 

2 months. 

3 months. 

4 months. 

B months. 

2,138 

2,046 

2,079 

2,265 

2,235 

882 

1,029 

935 

1,365 

990 

1,328 

1,276 

1,431 

1,375 

1,547 

853 

2,198 

1,422 

1,420 

1,170 

1,195 

1,254 

1,632 

1,552 

2,398 

6,395 

7,803 

7,499 

7,977 

8,340 

38,015 

Totat. 

10,763 

5,201 

6,957 

7,063 

8,031 

38,015 



K. 

A. 

B. 

C, 

1). 



1 month. 

2 months. 

3 months. 

4 months. 

6 months.. 

1,757 

1,896 

1,916 

2,200 

2,078 

1,420 

1,282 

1,567 

1,655 

1,712 

1,637 

1,379 

1,911 

1,496 

1,922 

938 

1,210 

1,229 

1,157 

1,322 

887 

1,127 

964 

1,734 

1,273 

6,639 

6,894 

7,587 

8,242 

8,307 

37,669 

Total. 

9,847 

7,636 

8,345 

5,856 

5,985 

37,669 



A. 

B. 

C. 

T). 

E. 



1 month... 

2 months... 

3 months. 

4 months..... 

6 months. 

1,254 

2,212 

1,371 

1,495 

1,715 

1,848 j 
2,655 
2,044 
2,686 
1,964 

918 

1,029 

1,205 

1.379 

2.380 

933 1 
1,012 
1,095 
1,152 
970 

1,388 

2,137 

1,950 

3,104 

2,082 

6,341 
9,045 
7,665 * 
9,816- 
9,111 

41,978 

Total. 

8,047 

11,197 

6,911 

5,162 

10,661 

41,978 


Golumn Totals 

41,552 

39,152 

32,175 

1 41,747' 

43,675 

— 

198,301 



m 


184 








































J. G. LOUW. 


Table 3. 

Yields of AiT-dry grass in grams per 330 square feet, showing 
varietal, cutting, and interaction effects. 

1935-30 Season . 


(Means in brackets). 


Cutting Intervals. 

A. 

B. 

C. 

D. 

E. 

Total. 

1 month. 

5,796 

(1,159-2) 

9,525 

(1,905-0) 

5,099 

(1,019-8) 

4,698 

(939-6) 

8,111 

(1,622-2) 

33,229 

2 months. 

8,091 

(1,618-2) 

10,316 

(2,063-2) 

6,206 

(1,241-2) 

4,972 

(954-4) 

9,778 

(1,955-6) 

39,363 

3 months. 

6,717 

(1,343-4) 

10,403 

(2,080-6) 

7,009 

(1,401-8) 

5,176 

(1,035-2) 

9,710 

(1,942-0) 

39,015 

4 months. 

7,580 

(1,516-0) 

10,829 

(2,165-8) 

6,994 

(1,398-8) 

6,564 

(1,312-8) 

11,384 

(2,276-8) 

43,351 

6 months. 

7,096 

(1,419-2) 

11,554 

(2,310-8) 

9,313 

(1,862-6) 

5,287 

(1,057-4) 

10,093 

(2,018-6) 

43,343 

Total. 

35,280 

52,627 

34,621 

26,697 

49,076 

198,301 


Analysis of Variance. 



Degrees 

of 

freedom. 

Sum 

of 

scjuares. 

Mean 

Square. 

Standard 

deviation. 

Loge S.l). 

Z- 

Rows. 

Columns. 

Varieties. 

Error (a). 

4 

4 

4 

12 

994,571 

.3,213,550 

18,776,777 

4,587,813 

4,694,194 

382,318 

2,166-6 

618-3 

7-68094 

6-42699 

1-25395 

Total plots. 

24 

27,572,711 

— 

— 

— 

— 

Cuts. 

4 

2,761,998 

690,499-5 

831-0 

6-72264 

1-37077 

Interaction. 

16 

1,709,174 

106,823 1 

326-8 

5-78937 

0-43750 

Error (6). 

80 

3,562,117 

44,526-5| 

211-0 

5-35187 

— 

Total sub-plots- 

124 

35,606,000 

— 1 

— 

— 

— 


From Fisher’s (1932) tables giving the ^ values for different 
degrees of significance we have that for and nn=12, 2^^0 5907 

at P=-05, and -^-.0-8443 at P^-Ol; for - 4 and 00(80), 
2 = 0-4032 at P=-05, and 2 = 0-0472 at P=-01, and for 7 /, = 10 and 
no = 80, 2 = 0 -2855 at P = -05, and 2 = 0-3975 at P = -01. Hence from 
a comparison of the observed and the theoretical values for 2 it is 
concluded that varieties are significantly different, cuts are 
significantly different, and interaction (variety x cuts) is significantly 
different, all at P= -01. It is therefore permissible to proceed to the 
t-test to discover where this significance lies. 
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INFLtENCE OF CUTTING ON YIELD, ETC., OF GRASS SPECIES. 


(i) Significant differences between varieties. 


Variety. 

Totals. 

Means. 

Chloria gay ana . 



..(A) 

35,280 

1,411-2 

Set .ria Lindenbergiana .... 



..(B) 

52,627 

2,105-1 

Venchrvs c Hi iris . 



...(C) 

34,621 

1,384-8 

Digitaria Pentzii Pretoria 

Small. 


..(D) 

26,697 

1,067-9 

Panicum maximum . 



..(E) 

49,076 

1,963-0 


The standard error of a single plot is 618*3, and of the mean of 
618-3. 

25 plots is ”7^::: The standard error of the difference between two 
^ V 25 

618-3 X \/~2' 

means = - ---—; - 

V 25 

= 174*9. 

Tor 71-==12, tlie degrees of freedom on which the estimate of error 
is based, t = 2 179 at P = *05, and /;-™3 ()55 at P=‘()l (Fisher’s 
tables). Hence for, significance at P=*05, the difference must be 
= (2* 179 X 174*9) ^381 * 1, and at P =*01, the difference must be 
(3*055 X 174*9) = 534*3. Whence it may be concluded that while 
there is no significant difference between the Setaria and Panicdim 
species, both these species yielded significantly more dry matter than 
the Cklorns, Digitaria^ and CencJmis varieties, the odds being over 
100:1 in favour of this significant variety effect. The three last- 
mentioned varieties are insignificantly different. 


(ii) Significance of differences between cnts. 


Cutting intervalH. Totals. Means. 

4 months. 43,351 1,734 0 

6 months. 43,343 1,733-7 

2 months. 39,363 1,574-5 

3 months. 39,015 1,560-6 

1 month. 33,229 1,329-2 


The standard error of a single sub-plot — 2110, and the standard 
error of the difFerenee between means of 25 sub-plots 

211-0 X -\ /T~ 

~ .v^ 

= 59-7. ' 


For w=80 (30), t = 2-042 at P=-05, and 
t = 2-750 at P=-01. 


For significance at P= 05, difference must, therefore- he 
= (2 •042.x 59-7) 

==121-9, and 

for significance at P=-01, difference -must be 
= 2-750x59-7 
= 164-2. 
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Whence the statistically significant elements in the results may 
be summarised as follows: Cutting at 2, 3, 4, and 6 monthly intervals 
yielded significantly more dry matter than cutting at monthly inter¬ 
vals, the odds being over 100 :1 in favour of this cutting effect. Also 
the 4 and 6 monthly cutting systems are better than the 3-monthly 
system at P--^ 01, and the 2-monthly system at P= 05. Other 
differences are not significant. 


(iii) The sigriificanee o/ intermtiori. 

This significance means that we are premiited to seek the signi¬ 
ficant differences within the body of table 3, where the means are 
given in brackets. ITiese variety means are tabulated below in 
decreasing order of magnitude. The figures preceding the means 
refer to- the cutting interval. 


Variety A. 

Variety B. 

Variety C. 

Variety I). 

Variety E. 

2 , 1,618-2 

4, 1,516-0 

6 , 1,419-2 

3, 1,343-4 

1, 1,159-2 

6 , 2,310-8 

4, 2,165-8 

3, 2,080-6 

2, 2,063-2 

1, 1,905-0 

6 , 1,862-6 

3, 1,401-8 

4, 1,398-8 

2, 1,241-2 

1, 1,019-8 

4, 1,312-8 

6 , 1,057-4 

3, 1,035-2 

2, 954-4 

1, 939-6 

4, 4,276-8 

6 , 2,018-6 

2, 1,955-6 

3, 1,942-0 

1 , 1,622-2 


The standard error of a single sub-plot 211-0, and hence the 
standard error of the difference between means of 5 

_ 211-0 X y[lT 

VT" 

:^ 133 - 4 . 

Por n = 80 (30), f==2-042 at P-=-05, and 
f=:2 T50 at P--01. 

For significance at P= 05, difference must, therefore, be 
--(2-042 X 133-4) 

.^272-4, and 

for significance at P^Ol, difference must be 
^^(2-750x 133-4) 

= 3603 - 9 . 


% 

Whence for Chloris gayana, a 2-monthly cutting rotation yields 
significantly more dry matter than a 3-monthly cutting at P=05, 
and yields significantly more dry matter than a monthly cutting 
system at P=01; also, a 4-monthly system is significantly better 
than a monthly system at P = 05. 

For Sefnria Lindenhergiana, significantly more dry matter will 
be obtained by cutting after an interval of 6 months than by cutting 
the herbage every month, the odds being over 100 to 1 in favour 
of this cutting effect. 
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For Cenchrus ciliarisy cutting after an interval of 6 months is 
significantly better than cutting after intervals of either 1, 2, 3, or 
4 months at P—*01. The 3- and 4-monthly cutting systems are 
similarly significantly superior to the monthly system of cutting. 

For the Digitaria species, and the Panicuni variety a rest period 
of 4 months is significantly better than a rest period of only one 
month at P™ -Ol, and significantly better than rest periods of 2 and 
3 months at P=-()5. Also, in the case of the Pcmicum variety, 
significantly more dry matter is obtained by allowing the herbage 
to grow undisturbed for six months before it is harvested than by 
cutting it at monthly intervals, the odds being more than 100 :1 in 
favour of the six-monthly cutting rotation. 

All other differences not mentioned in the summary of conclu¬ 
sions are not significant. 


(h) The 1936-37 Season, 

The results for the above mentioned season are given in tables 
4 and 5. The statistic al analysis of these results was executed in 
a manner similar to wdiat has been done with the data for the 
1935-36 season. From the analysis of variance it was found that 
varieties are significantly different at P - *05, and (Tits are signi¬ 
ficantly different at Pr.^ 05. The value appropriate to interaction 
and error was, however, observed to be smaller than the theoretical 
-V value from Fisher’s tables for =16 and at both the one 

per cent, and tlie five per cent, points of distribution. The t-test 
was, therefore, applied only to cuts and varieties. The following is 
a summary of the conclusions drawn : 


(i) Varieties. 

Both Panic/urn ma.rimiivi and Setaria Lindenhergiana produce 
significantly more dry matter than either Cenchrus cUiaris or the 
Digitaria specif at P=i=’05. Chloris gay ana, Panicum ma^rinnm, 
and Setaria Liitdenhergiana are insignificantly different in regard to 
their respectiye yielding capacities. The same insignificant dilference 
is found between Cenchrus ciliaris, Chloris gay ana and the Digitaria 
species. 

(ii) Cuts. 

Significantly more dry matter is produced by cutting at 6- and 
4-monthly intervals than by cutting at 3- and 1-monthly intervals, 
and a 2-monthly system is decidedlv superior to a monthly system 
tor the production of dry herbage, the odds being more than 100:1 
in favour of the said significant cutting effects. The yields of dry 
matter under a 2-monthly and a 3-monthly cutting system are signi¬ 
ficantly different in favour of the former system. On the other hand, 
the yield of dry matter from cutting at 2-, 4-, and 6-monthly inter¬ 
vals is insignificantly different. 
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Table 4. 

Yields of Air-dry grass in grams per 66*0 square feet. 
1936-37 Season. 


Cutting Intervals. 

C. 

E. 

D. 

1 

B. 

A. 

Total. 

Row 

Totals. 

1 month. 

719 

1,140 

1,034 

1,288 

1,648 

5,838 


2 months. 

1,028 

1,410 

1,014 

1,872 

1,399 

6,723 


3 months. 

817 

1,650 

825 

1,297 

1,445 

6,034 

34,09< 

4 months. 

1,350 

1,477 

973 

2,177 

1,772 

7,749 


6 months. 

1,107 

1,213 

1,210 

2,643 

1,582 

7,755 


Total. 

5,021 

6,899 

5,056 

9,277 

7,846 

34,099 



1 ). 

C. 

A. 

E. 

B. 



1 month. 

896 

591 

717 

2,449 

1,930 

6,583 


2 months. 

1,172 

1,049 

1,023 

3,040 

2,262 

8,546 


3 months. 

1,415 

890 

877 

3,150 

1,560 

7,892 

42,72 

4 months. 

1,203 

1,214 

1,201 

3,164 

2,670 

9,4.52 


6 months. 

1,403 

1,562 

1,207 

3,582 

2,495 

10,249 


Total. 

6,089 

5,306 

5,025 

15,385 

10,917 

42,722 



B. 

D. 

E. 

A. 

C. 



1 month. 

1,868 

800 

1,058 

658 

907 

5,291 


2 months. 

1,860 

930 

1,210 

2,118 

996 

7,114 


3 months. 

1,632 

945 

1,425 

1,328 

1,105 

6,435 

32,58 

4 months. 

1,465 

900 

1,145 

1,290 

1,381 

6,181 


6 months. 

1,872 

j 928 

1,310 

897 

2,555 

7,562 


Total. 

8,697 

4,503 

6,148 

6,291 

6,944 

32,583 



E. 

A. 

B. 

C. 

D. 



1 month. 

1,291 

1,373 

1,032 

709 

630 

5,035 


2 months. 

1,438 

1,069 

1,184 

1,064 

1,032 

.5,787 


3 months. 

1,280 

1,315 

1,120 

771 

780 

5,266 

30,24 

4 months. 

2,215 

1,563 

1,257 

950 

1,453 

7,438 


6 months. 

1,593 

1,430 

1,663 

1,062 

973 

6,721 


Total. 

7,817 

6,750 

6,256 

4,556 

4,868 

30,247 



A. 

B. 

C. 

IX 

E. 



1 month. 

937 

1,722 

872 

562 

914 

5,007 


2 months. 

2,297 

2,238 

940 

382 

1,656 

7,513 


3 months. 

1,315 

1,653 

924 

675 

1,580 

6,147 

34,9'; 

4 months. 

1,527 

2,064 

1,495 

675 

2,847 

8,608 


6 months. 

1,245 

1,682 

2,352 

573 

1,843 

7,695 


Total. 

7,321 

9,359 

6,583 

2,867 

8,840 

34,970 


Column Totals 

34,945 

32,817 

29,068 

38,376 

39,415 

— 

174,6! 
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INFLUENCE OF CUTTING ON YIELD, ETC., OF GRASS SPECIES. 


Summarising* the main features in the results of the two seavsons 
of the experiment with reference to the statistically significant 
elements it is found that of the grass species studied Setaria Linden- 
hergiana and Pariumm 7/^a^fmw/n rank first as produ(;ers of dry matter. 
In regard to cutting treatment the most outstanding feature is the 
depressing effect on the yield of dry matter of a system whereby 
grasses are cut at monthly intervals during the growing season when 
compared with more lenient systems of cutting. This effect has 
been observed for all the species combined as well as for species 
individually. Of the more lenient cutting treatments the 6- and 
4-monthly systems produced on the \\4iole more dry matter than the 
2- and 8-monthly systems. The inferior position taken in by the 
8-nionthly system during the 198()-87 season cannot be accepted as 
normal without further proof, in view of the fact that a monthly 
cutting treatment, mentioned earlier in this report, had to be applied 
at the end of the ])revious season k) suit the requirements of the 
experiment. Furthermore, the evidence from the results of siiecies 
(ombined in the 198(1-87 season and from the results of individual 
species for the jirevious season suggests that the amount of dry 
matter obtainable under a 2-monthly system of cutting may not differ 
materially from that from one cut at the end of the season or two cuts 
as represented by a 4-monthly cut in February followed liy an after- 
math cut two months afterwards. 


Tarle 5. 


Fields of Air-dry grass in grams per 830 •() square feet, showing 
varieUil, cutting, and interaction effects. 

198G-37 Season, 


Cutting Intervals. 

A. 

B. 

i 

c. 

I). 

E. 

1 Total. 

1 month. 

5,333 

7,840 

3,798 

3,922 

6,861 

27,754 

2 months. 

7,906 

9,416 

5,077 

4,530 

8,754 

35,683 

3 months. ] 

6,280 

7,262 

4,507 

4,640 

9,085 

31,774 

4 months.. ! 

7,353 

9,633 

6,390 

5,204 

10,848 

39,428 

6 months.. 

6,361 

10,355 

8,638 

5,087 

9,541 

39,982 

Total. 

33,'233 1 

44,506 

28,410 1 

23,383 1 

45,089 

174,621 


To conclude these remarks it should be pointed out that the 
results obtained are probably valid only for the conditions of soil 
and climate under which the grasses were grown. 


(2) The Influence of Climate on the Yield of Dry Matter. 

Among the many factors which influence crop production rain¬ 
fall is the major determinant of yield, especially in regions where 
the reliability of effective rains is not high. It is, in addition, a 
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common experience that the amount of annual rainfall is not as 
important as the quantities falling at definite periods during* the 
growing* season. Unfortunately, it appears that little or nothing 
has been done in the summer rainfall area of the Union to ascertain 
during which period or periods of the glowing season rain has the 
greatest influence on the produc'tion of grass species. AVork done 
by du Toit, et al (1935) and by Taylor (1929, 1932) seems to indicate 
that different species of grasses have different periods of ox)timum 
growth under normal conditions of rainfall. In a region of summer- 
rainfall the atmospheric factors of temperature, humidity, and wind 
velocity may have a profound influem'e on the effectiveness of rain¬ 
fall by governing the rate of evaporation and transpiration. 

The seasonal ])ioduciion of the five species studied is given in 
Tables (i and 7 for the seasons 1935-3() and 193()-37, respectively. 
The figures represent the total amount of air-dry herbage obtained 
from hve replications by cutting at montlily intervals in tlie coui'se 
of the growing season. Since the general trend in regard to 
seasonal produ(*tion is the same for all species the means for all 
species liave been used to illustrate the effect of rainfall on the 
seasonal prodiudion in graphical form. Uurthermore, the totals 
given for January, 1936, and for December, 1936, and again for 
April, 1937, do not represent growth during one month only and 
cannot therefore represent a single point in a graph descril)ing true 
monthly totals. To overcome this difficulty the total for January, 
1936, has been split up into three equal ])orii()ns to represent monthly 
cuts tor November, December and January. Although very little, 
nevertheless, growth did commence during the 1935-36 season in 
October and continued interniil(ently to the date on which the 
herbage was cut for the first time in January. The splitting up of 
the (uiniulative growth in January into three portions as indicated 
is thus justfied under the cir(*umstances and will give a truer picture 
of the effecl of laiiifall on growth. For similar reasons the totals 
for De(‘ember, 1936, and Apiil, 1937, have been split up to represent 
two points on the graph. 


Taule 6 . 

Allowing seasonal production of Jry matter in grams. 
1935-36 Season. 


S})ecies. 


Chloris gay ana . 

Setari'i Lindenbergiana ... 

Cenchrus ciliaris . 

Digitaria Pentzii Pta. Sm 
Panicum maximum . 

Totai. 


]\Iean 


January. 

February. 

IVIarch. 

April. 

1,507 

1,315 

1,713 

1,261 

2,797 

1,787 

3,376 

1,565 

1,384 

1,230 

1,638 

847 

1,254 1 

1,154 

1,478 

812 

1,823 

2,308 

2,841 

1,139 

8,765 

7,794 

11,046 

5,624 

1,753 

1,559 

2,209 

1,125 
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Table 7. 

Showing seasonal production of dry matter in grams. 
1936-37 Season. 


Species. 

1 

December. 

January, 

February. ^ 

April. 

CJdoris giy .m . 

Setaria Lindenhergi na ... 

Oenchrus ciliaris . 

D^gitaria Pentzii Pta. Sm. 

P. nicuni maximum . 

Total. 

Mean. 

! 

1,960 
[ 3,163 

938 
1,179 
2,611 

1,187 : 
1,770 
943 
1,211 
1,624 

1,153 

1,796 

855 

1,135 

1,532 

1,043 

1,111 

1,062 

397 

1,094 

9,841 

6,735 

6,471 

4,707 

1,968 

1,347 

1,294 

942 


SV^O^Ninq' effect- ot ram^att or> y»ldi ot 
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The inontlily yields of dry herbage for the two seasons are 
represented in graphical form in conjunction with the monthly rain¬ 
fall in figure 2. The total lainfall for the month preceding a cut 
has been made to coincide with the point representing the yield of 
grass from that particular cut. Generally speaking, the curve 
describing the yield of dry matter may be considered to vary in a 
manner similar to that depicting the rainfall for both seasons. In 
connection with remarks made earlier in this section there are, how¬ 
ever, certain features in the graphs which deserve to be mentioned. 
For the 1935-30 season the period preceding the first cut in January 
was characterised by a low rainfall associated with high average 
day temperatures (cf. Fig. 1). During ihis period only about 20 
per cent. (cf. Table 0) of the total growth for the season took place. 
Good rains during January and February resulted in active growth, 
the grasses reaching maximum seasonal production with the cut made 
early in March. In spite of fhe fact that the best rainfall for the 
season was recorded for the month following the cut early in March 
the j)roduction of herbage decreased by fully 50 per cent. 

Turning now to the data for the 1930-37 season it is found that 
with climatic conditions approximating the normal about 60 per 
cent, of the total seasonal production of herbage was obtained with 
the two cuts in December and January. The yield in February was 
practically the same as for January but the next two months con¬ 
tributed only about 17 per (*ent. towards the total for the season. 
The rainfall during this final period was decidedly low, especially 
during March, and tlie average day temperatures Avere liigh. At the 
time of the February cut the soil was over-saturated with moisture as 
the result of the heavy doAvnpours experienced a few days earlier. 
Nevertheless, growth was observed to be extremely slow, even while 
the soil was still wet. The effect of the drastic treatment (monthly 
cuts) on the vitality of the plants may have been partly responsible 
for poor growth directly after the February cuts. However, the 
yield of dry matter under more lenient systems of cutting was also 
greatly reduced during this final period of the season. For instance, 
the indices foi* average seasonal yield of dry matter for species 
combined for the 2-monthly cutting treatment were 2,439, 3,338, and 
1,360 for December, February, and April ,respectively. 

In any case, it would appear that, while during seasons of 
normal rainfall the period of optimum growth is independent of the 
rainfall, it does depend on rainfall during dry seasons. For the 
1935-36 season this period of most active growth occurred at a later 
date than during the following season. The evidence here produced 
and from the previous publication (1935) seems^to suggest that in the 
case of the species studied the period of optimum growth is December- 
January (cf. 1936-37 season and previous results), but that in the 
event of negligible rain prior to December or January it may occur 
later in the season (cf. 1935-36 season). 

In this connection the results of Trumble and Cornish (1936) are 
of interest. From a statistical analysis of data pertaining to the 
influence of rainfall on the yield of natural pasture at the Waite 
Institute, Australia, a region of winter-rainfall, these wmrkers found 

193 



INFLUENCE OF CUTTING ON YIELD, ETC., OF GRASS SPECIES. 

the correlation between yield and rainfall to be strongest in the 
period April to June, which coincides with the early jstages of 
seasonal growth. 

(d) The Influence of Frequency of Cutting on Chemical 

Composition . 

The detailed analyses of the herbage samples obtained under 
different frequencies of cutting for the whole of the experimental 
period are given in the appendix by Tables A to I. The last columns 
in the tables giving a description of the grasses as cut require 
explanation. These notes aim at giving a brief description with 
reierence to the general appearance and the stage of growth obtained 
at the time of cutting. Height measurements were not actually 
made. However, when the grass was estimated to have grown to a 
height of only G inches and less the term short and w^hen to a 
height of more than 12 inches the term long ’’ has been used to 
describe the appearance. No descriptive term w-as applied for 
estimated heights betw^een G and 12 inches. Furthermore, an 
attempt has been made to indicate the stage of growth reached by 
the herbage by. using the terms pre-flowering ”, a few flower- 
heads appearing ”, flowering ”, with flowerheads seeds 

falling out ”, and ” seeds fallen out, inflorescen(*es and some leaves 
browming ”, to indicate the advancing stages of maturity. 

In connection wuth the arrangement of results into separate 
tables for different cutting treatments it should be pointed out that 
the cuts of the 6th April in table C are in reality monthly cuts and 
not 3-monthly cuts; also, the April cuts in table H are 2-monthly 
and not 4-monthly cuts. Furthermore, since there was no difference 
between 4- and 6-m;onthly treatments in the 1935-3G season the 
analysis given in table I) is that for a single final cutting for each 
species. 

From the tables in the appendix tables 8-12 giving the average 
composition of the dry matter obtained under the different systems 
of cutting have been compiled. Figures for total ash have been 
included. These are not reliable owing to the unavoidable inclusion 
of traces of soil which cannot be removed in the cleaning of the 
sample. How^ever, the values for silica-free ash form a reliable index 
of the total minerals present in the herbage. 

It is not intended to discuss the chemical composition of the 
herbage in detail :|ts this has been done for similar data in previous 
publications by dgjToit and his associates. The salient features which 
have a direct bearing on the present investigation may, however, 
again be indicated briefly. 

(a) Phosphorus.—While the magnitude of the decrease differs 
with species the phosphorus content of the herbage dimijiishes on the 
whole uniformly from monthly cuts to 6-monthly cuts, the relative 
amount in the single cut at the end of the season being only about 
50 per cent, of that present in the monthly cut herbage. In all cases 
the figures are low compared with the figures of European investi¬ 
gators but are similar to values obtained previously at Onderstepoort 
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and l)y Taylor (1922, 1929), and compare favourably with data 
secured by Australian workers (Richardson et al, 1931, 1932) for 
grasses at the same stage of growth. 

(h) Calciu/m and Magnesmjti, —The percentages of these consti¬ 
tuents do not show appreciable variation with stage of growth. With 
the exception of Chloris gayana and Setaria Linderihergiana there 
appears to be a tendency for these minerals to decrease with decreased 
frequency of cutting. Petrie (1934) pointed out that the relative 
amount of calcium declines during adolescence and thereafter remains 
constant or rises. 

(c) FoUusium and, Chlorine, —Both these constituents are in- 
fluenc'ed to a considerable extent by the stage of maturity of the 
herbage. With few exceptions (cf. K-values in 4-monthly cuts for 
the 1936-37 season) a fall in the content of potassium and chlorine has 
been observed with advancing stage of maturity. 

{d) Sodium, —Whilst fluctuating somewhat in some species the 
general tendency for this element is also to decrease with age in the 
plant. 

{e) Crude proteirh, —Generally speaking, the variations due to 
tile influence of cutting treatment in the content of crude protein of 
the herbage are similar to those for phosphorus, the relative amount 
falling rapidly with decreavsed frequency of cutting. 

(/) Crude Fibre, —The crude fibre content of the herbage varies 
more or less inversely with the crude protein content, the highest 
percentage of the former constituent corresuonding wuth the lowest 
value for the latter. 

{g) The Ether-soluble extract of different sjiecies shows different 
variations w^ith age in the plants. In the case of Panicum maxiimi'ni 
and Cenchrus ciliaris there is a definite drop in the percentgae ether- 
soluble extract wn'th increasing degree of maturity for both seasons 
of the experiment. The same tendency is noticeable for the other 
species studied for the 1935-36 season, but during the following 
season the values for ether-extract vshow' irregular fluctuations with 
the different treatments. 

(/y) Silica-free Ash, —Since all the mineral elements determined 
are ( onstituents of the silica-free ash and whereas wuth few exceptions 
the relative amounts of these elements decrease with decreasing 
frequency of cutting it may be expected that the percentage of silica- 
free ash wdll vary in a similar manner. A glance at the tables shows 
this to be the case. ^ 

(i) Kitrogen-free extract, —The percentage content of this con¬ 
stituent in the herbage of varying degree of maturity varies very 
little and show^s no definite tendency. It should, hcw^ever, be pointed 
out that the accuracy of the figure for this fraction is dependent upon 
the accuracy with which the fractions on which its calculation is 
based have been determined. As previously stated the figure for 
total ash, one of the relevant fractions, is unreliable owing to the 
unavoidable inclusion of soil particles in the samples analysed. 
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Tabu 8. 


Average percentage coniposilm of the drg matter of Cliloris gayana, 


Period of growth. 

Season, 

1 

Ca. 

Mg, 

K, 

Na. 

a 

Crude 

protein. 

Crude 

fibre. 

Ether 

soluble 

extract. 

Total 

M. 

N-k 

extract. 

Silica 

free 

Ash. 

-^ 

Percentage ^ 

dry matter ^ 

of herbage i 

as cut. ^ 

1 month. 

193M6 

1936-37 

.. 

•13 

■12 

■37 

■43 

■25 

■29 

■76 

■77 

■56 

■38 

■i 

■67 

8^3 

6^4 

3P8 

32^5 

2^55 

2^27 

^■52 

1T06 

46^96 

47^71 

4^15 

3^75 

hi 

»■! S 
»■( 5 

2 months. 

1935-36 

193yi 

••12 

■11 

■36 

■39 

■22 

■23 

■71 

•75 

■49 

■32 

■84 

■65 

64 

6'5 

J3'6 

3P7 

2^26 

2^63 

10^29 

^■52 

41'45 

48'o5 

3^74 

3^25 

»8 2 

33^7 ^ 

Smontls. 

1935-36 

193yi 

■094 

•088 

■32 

■42 

■20 

■25 

■66 

■55 

■40 

■31 

■72 

■64 

4^8 

5^2 

35^2 

32^2 

2'02 

2 ' 4 fi 

9^28 

10^05 

48^70 

50^09 

3^25 

3^10 

3T5 2 

35^5 “ 

4 months. 

193H6 

193^7 

■074 

■077 

■36 

■37 

■23 

■23 

■51 

■64 

■32 

■27 

■56 

■55 

44 

4^3 

33^6 

32^7 

2^09 

2^14 

9^86 

lO^OO 

50^05 

50^86 

2^95 

3^09 

34^1 2 

36^0 d 

6 months. 

193M7 

■065 

■44 

■31 

■4,3 

■23 

•49 

3^9 

34^3 

2^64 

11^25 

47^91 

3^06 

4T0. 0 

•o 

j A verage pe 

rcentage co 

T.4BIE 9, 

mposition of the ilrg mtter of Setaria Lindenliei'ffiaiia. 


Q 

> 

Cfi 

7! 

m 

-f-- 

Period of growth. 

Season. 

P. 

Ca. 

Mg. 

K. 

Na. 

Cl. 

Crude 

protein. 

Crude 

fibre. 

Ether 

soluble 

extract. 

Total 

Ash. 

N-free 

extract. 

Silica 

free 

Ash. 

i 

Percentage S 
dr}'matter I;! 
of herbage b 
as cut. 

1 month......'. 

1935-36 

193^37 

■16 

■15 

■39 

■44 

■41 

'41 

2^25 

P58 

■046 

■27 

■96 

■60 

10^9 

9^7 

35^7 

35^2 

3-22 

3'35 

1P72 

1T03 

38^46 

40^72 

5^35 

T68 

3T3 

33^0 

2 months. 

1935-36 

193^7 

■13 

■13 

■44 

■50 

■41 

■47 

Pa8 

P23 

■043 

■i2 

■77 

■59 

7^6 

7^6 

37^4 

35^2 

3^01 

3^46 

1T75 

1T59 

40^24 

42^15 

4^49 

4^12 

33^2 

34^4 

3 months. 

1935-36 

193n7 

■11 

■09 

■41 

■50 

■36 

■42 

P36 

P05 

■044 

■0# 

■60 

■46 

5^9 

5^8 

38^3 

37^3 

3^55 

3^18 

1T31 

1P37 

4T94 

42^35 

3^82 

3^90 

33^6 

39^6 

4 months.. 

1935-36 

193M7 

■088 

■091 

■39 

■43 

■32 

•36 

M6^ 

P05 

■Oi 

■036 

■51 

■46 

5'2 

4'9 

39^3 

39^4 

2^62 

2^81 

1T25 
IT 15 

4T63 

4T74 

3^52 

3^67 

37^6 

38^9 

6 months. 

1936-37 

■078 

'55 

■37 

■84 

■057 

■38 

_ 

4^8 

35^3 

3^62 

^■lO 

43^18 

3^82 

5T7 
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Table Id. 


i remjB p(mt(i§e mpositm of tk irp matter of Cenclinis dliaris. 


Period of growth. 

Season. 

P. 

Ca. 

Mg. 

K. 

Na. 

a 

Crude 

protein. 

Crude 

fibre. 

Ether 

soluble 

extract. 

Total 

Ash. 

N-free 

extract. 

Silica 

free 

Ash. 

Percentage 
dry matter 
of herbage 
as cut. 

1 month. 

1W6 

■n 

■34 

■42 

2^4o 

■0]] 

■84 

11 ^2 

29^4 

2^88 

15^50 

4P02 

0'69 

2]^6 


IM 

■13 

■36 

■39 

P63 

■28 

•o6 

9^3 

30^1 

2^I9 

14^95 

42^86 

4^58 

3P3 

2 months. 

193J-36 

■14 

■32 

■40 

2^15 

■065 

■66 

9^2 

33^4 

2^39 

15^25 

39^]6 

5^19 

»0 


IM 

■12 

■35 

■38 

P5] 

■091 

■54 

8'6 

3P6 

2^]4 

1 

14'82 

42^24 

4^35 

32^2 

3 months. 

IM 

■12 

■30 

■40 

L89 

■i9 

■61 

M 

35^4 

2^09 

14'53 

40^88 

4^64 

29^] 


193yi 

■11 

■39 

■41 

P49 

■060 

■56 

8^2 

31'3 

2^i 

15^22 

42^48 

4^44 

35^8 

4 moDtli!. 

193B-36 

■09] 

■26 

■32 

P39 

■020 

■45 

]^0 

35^5 

2^03 

13^66 

41 ■SI 

3^82 

35^8 


193yi 

■M 

^■25 

■29 

P5] 

■i9 

■52 

6^4 

36^0 

2^38 

12^15 

43^0] 

3^8] 

33^] 

6 months. 

1936-31 

■066 

■36 

■36 

■91 

■063 

■46 

5^3 

36^6 

2^21 

14^40 

41 ■lO 

3^53 

44^5 


Table 11 . 


hmiie percentage composltioii of tk irtj matter of Digitaria Pentzii Pretoria Small. 


Period of gnmlh. 

Season. 

P. 

Ca. 

Mg. 

K. 

Na. 

Cl. 

Crude 

protein. 

Crude 

fibre. 

Ether 

soluble 

extract. 

Total 

.48ll. 

N-free 

extract. 

Silica 

free 

jSsh. 

Percentage 
dry matter 
of herbage 
as cut. 

1 month. 

' 

1935-36 

■14 

■51 

•45 

2^00 

■051 

■83 

91 

33^9 

3^1] 

10^]5 

43^08 

5^21 

35‘6 


\mi 

■13 

■51 

■44 

HI 

■21 

■63 

8^2 

33^9 

3^30 

lO^i 

43^80 

4^61 

32^0 

2 months. 

1935-36 

■13 

■52 

•45 

P86 

■040 

■]8 

]^8 

34^3 

2^88 

10^98 

44^04 

5^11 

30^8 


193y] 

■11 

■55 

■43 

P35 

■062 

■59 

]^3 

34^8 

3^2] 

1T86 

42^]] 

4^15 

34-2 

3 months. 

193M6 

■12 

■46 

■39 

l■94 

■04] 

Ins 

6^] 

3]^2 

2^66 

10^]4 

42^]0 

4^85 

28^1 


193H] 

■11 

■56 

■42 

P24 

■042 

■54 

6'5 

35^6 

3^(» 

IM] 

43^13 

4^M 

1 

3]^2 

i months. 

1935-36 

■092 

■45 

■39 

P38 

■022 

|■64 

5^] 

3]'9 

2^]1 

10^53 

43^16 

4^04 

33^0 


193yi 

■098 

■46 


P69, 

■061 

■63 

5^8 

3]'3 

3^26 

10^40 

43^24 

4^29 

32^4 

6 months. 

193yi 

■on 

•54 

■43 

■80 

■032 

■i 

5^0 38^5 

2^93 

i 

1P20 

42^3] 

3^]2 

4]^] 
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Table 12 , 


icwje coinfositm of tk iff matt of PaDiciim maximiii. 
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Crude 

Crude 

Etber 

W 

S-fe 

Sia 

tiAA 

Percentage 
dry matter 

Period of grortb. 

, 

ten. 

P, 

Ca. 

k 

K, 

h 

Cl. 

protein. 

6bre, 

soluble 

extruct 

M, 

extract, 

tree 

M, 

of berbage 
as cut. 

1 lDOIltll..M. 

IM 

■17 

■ii 

4 

Ml 

■66 

■88 

16^1 

36^5 

2^36 

13^72 

13^38 

5^28 

28^6 


18M 

■17 

■11 

■12 

M 

■52 

■76 

8^3 

3I7 

2^38 

12^68 

^■81 

M8 

28^6 

2 ffioollis. 

m 

■12 

■« 

■13 

M3 

■55 

■87 

7^6 

33^7 

2^26 

13^62 

13’12 

« 

27^6 


isjyj 

■16 

■12 

■12 

i 

■86 

■18 

■58 

H 

32^1 

2^35 

13'15 

11^86 

M5 

3P3 

1 

1 , 

SlnioDtlis. 

1835-36 

■i: 

■35 

■31 

j : 

M7 

■12 

■i 

5^5 

37^2 

P71 

12^35 

^■21 

! 3^88 

28^6 


183M7 

■15 

■11 

■11 

P63 

■36 

■67 

6^2 

33^1 

2^31 

12^76 

i 

! 

^■38 

M8 

33'2 

1 

i niitbs. 

1835-36 

■681 

■31 

i 

■36 

■87 

■11 

■67 

1 

1 M 

^ 38^7 

L57 

12^56 

: 12^67 

3^86 

3M 

183M7 

■12 

■38 

■36 

■82 

■1 

■® 

i 6^6 

: 31^7 

1 

1 

2^11 

^■55 

16^61 

1 

3^85 

1 

33'8 

i inontbs. 

1 

11836-37 

1 

■12 

■32 

■31 

■33 

i 

■33 

■,51 

1 M 

38^2 

i 

1 P78 

lb65 

! 

13^57 

3^61 

j 

i 

' 1L8 

i 


t- 

» 

z 

ft 
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{j) Dry matter of herbage as cut ,—On the whole there is a ten¬ 
dency for the dry matter content to increase with age in the plant. 
With one exception, viz., the final cut for the Digitaria species in 
April, 1936, the higliest percentage of dry matter was obtained in 
the herbage which grew undisturhed until the end of the season, i.e. 
the 6-monthly cuts. The rise to the highest value does not, however, 
proceed uniformly with decreasing frequency of cutting. Rigg and 
his associates (1932) referred to the })rofound influence of climatic 
conditions on the percentage of dry matter found in green jiasture 
mown at the growth stage of 2^ inches to 3 inches in length. Drought 
and low temperatures retarded pasture-production and were invari¬ 
ably associated with high ])ercentages of dry matter in the growth. 
With suitable moisture and temperature conditions, pasture produc¬ 
tion was highest, and this was accompanied by low ])ercentages of 
dry matter. The influence of (diniate on the dry matter content of 
herhage in the present investigation is best illustrated by reference 1o 
tables () and 7, giving tlie seasonal production of tlie grasses and to 
tables A and E in the appendix giving the seasonal dry matter 
content of five herbage. A study of these tables reveals tlie fact that 
the most acdive growth in March, 1936, and in January and February, 
1937, is associated with the lowest values for diy matter content in 
the course of the I’espective growing seasons. On the other hand, the 
highest ])ercentages of dry matter are found in the lierbage of the 
peiiods of drought as is evident from the figures for dry matter in 
the hei'hage cut in January, 1936, and in April, 1937. It would 
thus apiiear that while the process of drying off of mature herhage 
towards the end of the growing season is responsible for high values 
for d]*y niattej’, the amount of this constituent in the fresli herhage in 
the course of the growing season is largely influenced by the prevailiirg 
climatic conditions. 

With reference to the seasonal composition of the grasses (see 
tables A and E in the ajipendix) the conclusion arrived at in a 
])revious ])uhlication (1935) that in the absence of soil and climatic 
deficiencies stage of growth is the main factor influencing the mineral 
and jirotein content of pasture species appears to apply equally well 
to the data for this investigation. Low values for phosphorus and 
a relatively high level for calcium and magnesium contents are again 
in evidence during periods of dry weather. At the same time, the 
protein content does not appear to he affected adversely by unfavour¬ 
able climatic conditions. In any case, tlie composition of monthly 
cut herliage cannot be considered to show marked seasonal variations. 
During some months a slightly more or less advanced stage of growdJi 
is attained by a species when compared with its growth of the previous 
month and resulting* in a slight decrease or increase in 4he percentage 
content of the constituents, but, on the whole, the monthly growths 
of tlie grasses studied must be looked upon as herbage of a compara¬ 
tively high composition at a comparatively early stage of growth. 

Tn regard to the more essential constituents from the standpoint 
of animal nutrition the grasses studied do not show outstanding 
differences after the same period of growth. On the whole, for 
monthly cuts, Panicmn maximum has the highest average phosphorus 
content, Setaria Lindenhergiana and Cenchrus ciliaris top the list for 
protein content, while the lowest values for these constituents are 
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found in Chloris gayana. A more marked contrast in the chemical 
composition of these grasses lies in their potassium and sodium con¬ 
tents. Chloris gayana and Panicuvi maximuiii are characterised by 
comparatively low potassium and high sodium values, while the very 
opposite condition obtains in the case of the other species studied. 
The percentage content of potassium is up to twice as high as, and 
of sodium only 10 to 20 per cent, of the figures for the two species 
mentioned. 

The average calcium-phosphorus ratio in the monthly cut herbage 
varies from about 2*3 in Cenchrus ciMaris to 3*8 in the Digitalria 
species', while, as may be expected from a consideration of the 
relative rates of decrease of the percentage of calcium and phosphorus 
in ageing herbage, the ratio is increased considerably with decreased 
frequency of cutting. 

A comparison of the data for the two seasons (see tables 8 to 12) 
reveals some definite differences. Phosphorus, potassium, and crude 
Xnotein values are lower during the second than during the first 
season of the experiment. On the other hand, the figures for calcium 
are consistently, though sometimes not markedly, higher during the 
1936-37 than during the previous season. Tliese differences may be 
ascribed lyiainly to differences in the climatic conditions obtaining 
during the two seasons of the experiment, and resulting chiefly in 
variations in the stage of growth attained by a species after the same 
interval of growth. 

(4) The influence of frequency of cutting on the production of 
CRUDE protein AND PHOSPHORUS. 

The aggregate production of dry matter, crude protein, and 
phosphorus for all the species combined, but for cutting treatments 
separately, is given by table 13 in lb. per acre. The statistically 
significant features in the results relating to the effect of cutting 
treatment on the production of dry matter have previously been 
indicated. Briefly stated, they are to the effect that while there may 
be no difference in the yield of dry matter from certain lenient treat¬ 
ments the depressing influence on yield under a monthly system of 
cutting is significant in all cases. Due to the fact that the herbage 

Table 13. 


Total seasonal production of dry matter, crude protein, and 
phosphorus in lb. per acre. 


/ 



Cutting Treatment. 


. 

Season. 

] 

1 month. 

2 months. 

3 months. 

1 

4 months. 

6 months. 

Dry matter. 

1935-^36 

1,932 0 

2,286-0 

1 

2,270-0 

1 

2,620-0 

1 

2,520-0 

1936-37 

1,6120 

2,073-0 

1,847-0 

2,292-0 

2,322-0 

Crude protein. 

1935-36 

201 0 

202-0 

169 0 

138-0 

138-0 

1936-37 

1360 

149-0 

1160 

123-0 

102-0 

Phosphorus (P).... 

1936-36 

2-86 

2-56 

2-44 

1-87 

1-87 

1936-37 

1-79 

2-16 

1-82 

1-98 

1-63 


200 







J. G. LOUW. 

from individual replications was not analysed separately the statistical 
method employed in the analysis of tlie yield data could not be applied 
to the results of the chemical analysis. The figures in table 13 giving 
the yield of crude protein and phosphorus will thus be taken at their 
face value. 

The general tendency for the production of crude i)rotein and 
phosphorus with different cutting treatments is just the opposite of 
that for the yield of dry matter, the highest yield for crude protein 
and phosphorus occuring in the more drastic systems of cutting. 
While there is no difference in protein production by the monthly 
and the 2-monthly systems for the 1935-3G season a steady decrease 
is indicated as the intervals between cuts become longer. A similar 
state of affairs obtains in the data for the following season except 
that under the monthly system of cutting the production of crude 
protein is actually less than under the 2-monthly system of cutting. 
The comparatively low production of dry matter for the three-monthly 
system, to which reference has been made previously, is mainly respon¬ 
sible for the deviation from the general tendency shown by the figures 
for this system in the 1936-37 season. The remarks made in regard 
to protein production apply equally well to the production of phos- 
pliorus, except that the higliest production of phosphorus was obtained 
by the monthly system during the 1935-3() season. 

The results for the present investigation tlieii, confirm the con¬ 
clusion reached by du Toit and his associates (1935) in a previous 
publication from this Institute in that, under the conditions of the 
experiment, the liighest yield of crude protein and phosphorus is 
obtained when grass si)e(*ies are cut at intervals of two months during 
the growing season. Whether it may be advisable to forfeit this 
advantage for tlie sake of a liigher yield of dry matter which may be 
obtained under more lenient systems of cutting will depend on the 
results of tlie digestibility trials to be considered later in this publica¬ 
tion. It should be pointed out that by a monthly system of cutting 
the total production of crude protein and phosphorus may be of the 
same magnitude as that from the 2-monthly system, but the signifi¬ 
cant decrease in dry matter production and the effect of the severe 
treatment on the vitality of the plants remove this system from the 
realm of practical considerations. 

To conclude this section, the markedly lower production of the 
nutrients under discussion for the 1936-37 season in comj^arison with 
the figures for the previous season may be briefly referred to, The 
tendeiK^y for lower values for phosphorus and protein in the herbage 
of the 1936-37 season has already been indicated. I\om a considera¬ 
tion of the data for the yield of dry matter during this season (see 
table 13) it appears that the decreased production of dry matter is 
mainly responsible for the diminished yield of crude protein and 
phosphorus. 

In comparison with grazing by animals whose drojipings are left 
behind to enrich the soil the utilisation of pasture as hay or silage 
suffers from the disadvantage that the soil is continually being 
depleted of nutrients whereas nothing is returned to it. It is realised 
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that other factors may have influenced production during the 1936-37 
season; the soil may not have been the most suitable for the species 
studied, and the climatic conditions may not have been ideal ’’ 
for maximum production. However, from purely theoretical con¬ 
siderations the application of fertilisers to pasture which is utilised as 
hay or silage becomes a necessity if continued production at a high 
level is aimed at. At the same time, as pointed out by Hall (1932), 
it may not be economically desirable to fertilise certain types of veld 
when the more productive and desirable grasses do not occupy 18-25 
per cent, of the area. 


Section B.—The Influence of Frequency of 
Cutting on the Digestibility and Nutritive 
Value of Grasses. 

VII. EXPERIMENTAL DETAILS. 

(a) The Grass Samples. 

The amount of material available did not permit of feeding trials 
with the herbage of different cutting rotations from each grass species 
separately. Accordingly, the aggregate yield of herbage for the 
season from any one cutting treatment where the period of growth 
was actually that indicated by its designation, tor all specvies combined 
was mixed and treated as one sample for the purpose of determining 
digestibility. Furthermore, since the plot experiment was continued 
for only four months during tlie 1935-36 season those portions of the 
plots which normally should have been harvested after six months 
were cut on the same date as the 4-monthly portions, so that for the 
said season herbage of only four different degrees of maturity was 
obtained. The materials may be designated as monthly, 2-monthly, 
3-monthly, and 4-monthly cuts. During the 1936-37 season cutting 
was cominenced earlier in the season with the result that herbage 
of five different degrees of maturity became available, namely 1, 2, 
3, 4, and 6-monthly cuts. In all nine digestion trials had, therefore 
to be conducted. 


(h) The Animals. 

Three full-grown Merino wethers weighing on an average 70 lb. 
at the commencement of the investigation were employed. These 
animals were selected from a group of six sheep which were shorn 
on the 30th November, 1936, and which served from this date until 
the 24th December in a digestion experiment with lucerne hay. The 
sheep were fed at the rate of 600 grams air-dry material per day 
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and the faeces were collected in a canvas bag, which was attached 
by a webbing harness, during the last nine days of the trial. The 
three sheep selected for the grass hay experiments continued to 
receive the same amount of lucerne hay until the 19th January, 1987. 
For ten days prior to this date the animals were placed in specially 
constructed metabolism crates where faeces and urine were collected 
daily. In this way the animals became used to the crates and, at the 
same time, a duplicate set of values for the digestibility of the same 
lucerne hay became available, namely, by collecting the faeces in a 
bag attached to a harness and, on the other hand, by collecting the 
faeces on a wire screen in a metabolism crate. The coefficients of 


digestibility obtained by the two methods 

are given 

below : - 

— 


Organic 

Crude 

Ether 

N-free 

Crude 


matter. 

protein. 

extract. 

extract. 

fibre. 

mllpff.it>n 

63-7 

76-6 

42-2 

72*1 

46-2 

Screen collection. 

65*7 

7G-9 

43-5 

73-7 

49-2 


In general good agreement between the results is indicated. 


(c) The Equipment. 

The metabolism crates used in the experiments were constructed 
locally in accordance with those employed amongst other places at the 
Illinois Eperiniental Station for sheep and pigs. Some of the features 
in the construction of the crates may be briefly mentioned. The 
inside area on which the animal can move about is (5§ x 4) square 
feet. One end opens out into a detachable, galvanized iron feed 
manger. AVater is supplied in a trough attached on the inside away 
from the feed manger. There are two false bottoms to the crate, an 
upper wire screen of half-inch mesh on which the animal stands and 
which permits the excreta to j)ass through. About four inches below^ 
the first floor is a second wure screen of 7if. inch mesh which catches 
the faeces and allows the urine to pass through on to the funnel- 
shaped real bottom, and so into a receptacle below' the crate. When 
collections of faeces and urine have to be made the upper part and 
the animal are moved over on to a cleaning table hooked on the crate 
and supplied w'ith screens and a funnel-shaped bottom similar to 
those of the crate proper. During the preliminary periods the sheep 
are kept in separate feeding pens measuring about (1<) x 5) square feet 
and of which only about a third is under cover with the result that 
the animals may enjoy sufficient direct sunlight during all 
preliminary feeding periods. 


(d) General Scheme oe the Trials. 

Table 14 shows the order in which the digestibility of the nine 
samples of herbage was tested together with the duration of the 
preliminary and collection periods. 
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Table 14. 


Period. 

Herbage sample. 

Preliminary period. 

Collection period. 

1 

4-monthly cuts, 1935-36 season. 

19.1.37- 6.2.37 ' 

6.2.37-16.2.37 

2 

3-monthly cuts, 1935-36 season. 

16.2.37-24.2.37 

24.2.37- 6.3.37 

3 

2-monthly cuts, 1935-36 season. | 

6.3.37-14.3.37 

14.3.37-24.3.37 

4 

1-monthly cuts, 1935-36 season. I 

24.3.37- 1.4.37 

1.4.37-11.4.37 

5 

6-monthly cuts, 1936-37 season. 

19.4.37- 2.5.37 

2.5.37-12.5.37 

6 

4-monthly cuts, 1936-37 season. 

12.5.37-20.5.37 

20.5.37-30.5.37 

7 

3-monthly cuts, 1936-37 season. 

30.6.37- 7.6.37 

7.6.37-17.6.37 

8 

2-monthly cuts, 1936-37 season. 

17.6.37-25.6.37 

25.6.37- 5.7.37 

9 

1-monthly cuts, 1936-37 season. 

I 

5.7.37-13.7.37 

13.7.37-23.7.37 


Ill period 1 when the diet of the animals had to be changed from 
a protein-rich liK^erne hay to a grass hay of an advanced stage of 
maturity the preliminary feeding interval lasted 18 days. On the 
19th January the three animals, sheep 4, 5, and (j, were weighed, 
and from this date until the 24th of the month each animal was 
allowed a ration of 8Q0 grams of air-dry hay per day, offered in two 
equal portions at 9 a.m. and at 3 p.m. Although none of the animals 
seemed to like the ration, sheep 5 and 6 consumed all the feed offered 
while sheep 4 refused on an average 200 grams per day, consisting of 
hard, fibrous portions. 

The general experience on this Station has been that mature 
sheep, averaging 70 11). in body weight, will not consume continuously 
more than .about 21b. of hay per day when they have the run of 
spacious camps. On the other hand, wdien serving in experiments and 
confined to small feeding pens the daily consumption was found to 
be in the neighbourhood of only GOO grams of hay per head. For this 
reason it was doubted whether the animals would continue to consume 
800 grams of poor hay per day and the ration was accordingly 
reduced to 700 grams on the 25th January. Until the 29th sheep 
4 continued to refuse from 50-100 grams of feed daily. However, 
from this date until the conclusion of the preliminary period on 
February 6 the amount left uneaten by this animal never exceeded 
20 grams per day, while the other two sheep continued to consume 
all the feed offered. This amount, namely, 700 grams air-dry 
material per day, remained constant for all the digestion periods 
concerned *in this investigation and w^as always offered in two equal 
portions in the morning and in the afternoon. Excepting periods 1, 
2, 5 and 6, when sheep 4 refused small amounts of feed, clean 
consumption of this quantity of hay was effected. 

- At the conclu,sion of period 4 the sheep were fed for 8 days on a 
ration consisting of 2 parts of Teff hay and one part of lucerne hay 
at the rate of 700 grams per day. With the change-over from this 
ration, on the 19th April, to the poorest grass hay cut at the end 
I of the 1936-37 season difficulties were again encountered with regard 
to consumption of the material. The sheep were obviously averse to 
feeding on this new ration, number 5, especially, protested violently 
by bleating and by kicking against, the door of the feeding pen. For 
the next five days as much as 250 grams of hay were infused by sheep 
6 per day while numbers 4 and 5 left about 100 grams per day 
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uneaten. From the 25th April until the conclusion of the preliminary 
feeding period on May 2 sheep 5 and 0 consumed their rations of 
700 grams daily completely, but number 4 continued to refuse about 
10 grams per day. It should, however, be mentioned that the 
animals did not appear to relish this ration as well as that offered 
during the succeeding period (0). From then on until the concdusion 
of the trials with period 9 no difficulties were experienced and the 
sheep appeared to like the feed ofi'ered. 

With the exception then of periods 1 and 5 when the prliminary 
periods lasted 18 and 14 days, respectively, the duration of these 
feeding intervals was 8 days and the collection of excreta was 
continued for 10 days for all experiments. 

A ijreliminary period has to be of such length that the excreta 
can be ])resumed to represent the experimental ration. For this 
purpose a period of 8 to 10 days is generally accepted to be of 
sufficient duration in the case of the ruminant. Tjenkeit (1932) 
determined the time interval taktm by an experimental feed, coloured 
with fuchsin, to pass completely through the alimentary tract of 
various animals. In the case of the sheej) he found that after 7 to 9 
days 97 per cent, and more of Ihe experimental feed had been passed, 
while complete excretion of ihe small amount of remaining coloured 
feed took 1() to 21 days with grains and 12 to 13 days with coarser 
fodders. Insufficient ingestion of roughage had the etfect of further 
retarding the complete passage of an experimental ration. In view 
of th ese findings and since on the whole the difference in chemical 
composition between grass samples fed in successive periods in the 
present series of trials was small, a preliminary period of 8 days may 
be considered to have been of sufficient length. In any case, the 
amount of matei'ial available did not permit of longer preliminary 
periods. 


(e) Sampling of IlEKJiAGE. 

Prior to commencing a digestion trial the air-dry herbage to be 
used in ihe experiment was chopped into approximately one-inch 
lengths with a hand forage-cutting machine. The material was then 
thoroughly mixed and three samples taken foi* chemical analysis. On 
two of these, weighing about 300 grams each.- dry matter was deter¬ 
mined by drying to (onstant weight at 100^ C. in an electric oven. 
These samples together with the third one of about GOO grams were 
then finely ground in a high-speed mill, the resultant material 
thoroughly mixed and a representative sample taken for (hemical 
analysis on the absolutely dry basis. At the time of taking samples 
for chemical analysis and dry matter determination of^'the hay as fed 
the daily rations for the whole of the imeliminary and experimental 
periods were weighed out into paper l)ags. In this way fluctuations 
in the dry matter intake from day to day were obviated. 


(/) f/OLLECTION AND SAMPLING OF THE EXCBETA. 

The sheep were weighed at the beginning and at the conclusion 
of each experimental period. Before starting a collection period the 
crates were thoroughly cleaned and care was taken to remove any 
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faecal matter adhering to the wool and hoofs of the animals before 
entering the crates. The exact time of day when each animal was 
put into its cleaned crate was noted, and taken to he the beginning 
of the collection period which was also concluded at the same hour. 

Excreta were collected daily at 9 a.m., except for the final 
collection which depended on the time the animals were put into the 
(rates at the commencement of the period. 

A clean bottle was placed under the funnel of the cleaning table 
and the upper part of the crate and the animal moved over on to the 
cleaning table. After brushing down any faeces adhering to it the 
upper screen was removed. The lower screen with all the faeces on 
it was then <‘arefully taken out and placed on clean brown paper 
spread on the floor of the metabolism room. Here the faeces were 
transferred with a scioop and brush to a large enamal tray. Bits of 
feed scattered by the animal were sorted out carefully and put back 
into the feed manger to be eaten with the next ration. Particles of 
crushed faeces which had passed through the lower screen were also 
collected and added to the main bulk of faeces. The urine receptacle 
under the crate was removed and replaced by a clean five-litre flask. 
The screens were put back into position and rinsed with about 
litres of distilled water using an ordinary watering can. The upper 
part of the crate and the animal were then pushed back on to the 
crate. Excreta passed by the animal while on the cleaning table 
were likewise collected and added to the main collections. 

The urine and ‘‘ washings ” were mixed and 25 c(*. 10 per cent, 
(by volume) sulphuric acid added to the mixture which was filtered 
through glass wool. All containers were rinsed with a little distilled 
water and these washings added to the main urine mixture whicli- was 
made U]) to a definite volume, usually four litres, with distilled water. 
Both screens and the bottom of the crate were thoroughly scrubbed 
with a clean hard brush and rinsed with distilled water on the final 
day of (‘ollection to remove any urinary matter which might have 
adhered to tlie screens during the experimental period in spite of the 
daily rinsing of the screens with water. The urine and washings 
ivere usually 8 litres on the last day. 

(^ne-twentieth of the total volume of thoroughly mixed urine and 
washings was taken each day and stored in a glass-stoppered bottle 
containing* a few crystals of thymol. This comx)osite sample was 
analysed for nitrogen and mineral constituents at the end of the 
trial. 

The urine container was replaced under the crate when the flask 
with screen washings was removed. A few thymol crystals were 
placed in the container as a preservative. At first acid (sulphuric or 
hydrochloric) was used, but as it was found to cause the precipitation 
of some hippuric acid its use was dispensed with*. 

Becords were kept of water consumption as the tap water supplied 
to the animals contained a certain amount of lime for which a 
correction had, therefore, to be made in the lime intake of the animals. 
The sheep were fed in the morning-direetly ..after the completion of 
the collection of excreta. 


206 



J. G. LOITW. 


The faeces from a daily collection were spread out on the enamel 
tray and left exposed in the metabolism room for 24 liours after 
which they were found to contain not more than about 12 per cent, 
moisture. They W'cre then taken to the laboratory where an aliquot 
equal to one-tenth of the total weight of faeces was weighed out into 
a linen bag which was hung up in a suitable place in the laboratory. 
Th is process was repeated each day during the collection period and 
the daily aliquots of one-tenth of the total weight mixed in the same 
bag. This composite sample was w^eighed two or three days after 
the conclusion of the experiment and a sub-sample of unground faeces 
taken to determine its dry matter content. The main bulk of the 
composite sample w^as finely ground, thoroughly mixed, and a repre¬ 
sentative sub-sample laken for chemical analysis. Due to the fact 
that the moisture content of air-dry faeces may alter during the 
grinding process, dry matter had again to be deiermined on the 
ground material in order to have all analyses on the absolute dry 
basis. 

heed refused by an animal in the course of a collection period 
was left in the manger until the end of the tiial, when it was collected, 
weighed, and chemically analysed. As stated previously, it was only 
during four of the nine digestion periods that it was found necessary 
to collect food residues in the case of one of the three animals. 

A small quantity, about 3 grams, of table salt was scattered on 
ihe feed of ea(*h animal every morning. 


VIII. RESULTS. 

(a) The INEmiENCE of FUEurENCY of cutting on DlGESTiniLlTY. 

The chemical composition of the dry matter of the nine samples 
of grass hay fed during the different digestion trials is shown in 
table 15. 

The general tendency in the variations of individual constituents 
with differences in the stage of growth of the herbage discussed in 
Section A of this paper is faithfully reflected in the composite sam])les, 
crude protein and phosphorus (*ontents increasing with periods 1 to 
4 and ugain with periods 5 to 9, (*orresponding in each case with 
herbage of decreasing degree of maturity. 

The live-weights of individual sheep at the commencement of the 
trials and before and after each collection perit)d of the series of 
experiments are shown in table 16. 

Theie appears to be a slight tendency for the animals to loose 
weight for a short period after 12th May. This tendency is, however, 
not maintained and the weights registered at the conclusion of period 
9 are from 5 to 7 lb. higher than those obtaining at the commencement 
of the trials on 19th January. There may have been a real loss in 
body weights due to deficiencies in the diet consumed in periods 5 
and 6, but the length of time the animals w^ere on these diets was 
too short to permit of definite conclusions. 
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The amounts of the different nutrients eaten, diegsted, and voided 
daily by each sheep together with the co-eliicients of apparent digesti¬ 
bility during the nine trials, when feeding the materials described in 
table .15 appear in lable J of the ai)pendix, table K showing the 
composition of the faeces. An inspection of table J reveals the fact 
that whilst the agreement amongst the results for the three sheep 
is not perfect, it may, nevertheless, be considered to be satisfactory 
for this type of work. On the whole sheep 4 digested its food some¬ 
what more efficiently tlian did the other two animals. 

In order to facilitate comparison the average coefficients of 
digestibility obtained for the nine samples of grass hay are sum¬ 
marised in table 17. 


Table 17. 

Sumrnary of digestion coefficients {mean foi^ d sheep). 


Period. 

Hay sample. 

Organic 

matter. 

Crude 

protein. 

Ether 

extract. 

N-free 

extract. 

Crude 

fibre. 

1 

4-monthly cuts, 1935-36 season 

1 

49-2 

41-3 

25-6 

450 

56-3 

2 

3-monthIy cuts, 1935-36 season 

550 

514 

31'3 , 

51*6 

61*2 

3 

■ 2-monthiy cuts, 1935-36 season 

58*3 

60-4 

30-6 

550 

64-2 

4 

1-monthly cuts, 1935-36 season 

64-3 

63*5 

41 4 

60-7 

70-8 

5 

6-monthly cuts, 1936-37 season 

48-7 

32-4 

30-9 

46-5 

54-2 

6 

4-monthly cuts, 1936-37 season 

52-3 

39*6 

35-0 

50-7 

57-3 

7 

3-monthly cuts, 1936-37 season 

58-3 

50-4 

39-4 

57*6 

62*4 

8 

2-monthly cuts, 1936-37 season 

62*2 

55-1 

35*5 

61-4 

66*7 

9 

1-monthly cuts, 1936-37 season 

65-8 

60-3 

39*4 

63-6 

71-9 


The influence of the stage of growth on the digestibility of 
grasses is at once obvious from a glance at table 17. With the 
exception of the ether extract every constituent shows steadily 
improving* digestibility from the herbage of the most advanced stage 
of maturity tested in period 1 down to the herbage at the youngest 
stage of growth fed in the fourth digestion period. The coefficients 
tor the materials of the 1936-37 season vary similarly, a progressive 
increase taking place from digestion periods 5 to 9, corresponding 
with herbage of highest to lowest degree of maturity. Etlier extract 
reveals, in general, the same tendency indicated tor the other consti¬ 
tuents but shows certain irregular fluctuations dub probably to vary¬ 
ing amounts of ether-soluble material of a metabolic character 
usually present in the faeces. 

For the hay sainples of the 1935-36 season the digestion coeffi¬ 
cient for organic matter increases from 49*2 for 4-monthly grass 
through 55-0 and 58 3 for 3- and 2-monthly herbage, respectively, 
to the comparatively high value of 64*3 for the monthly cuts. Also, 
for the samples of the following season the digestibility of this con¬ 
stituent improves from 48*7 for the herbage cut after a growth inter¬ 
val of 6 months through 52*3, 58-3, and 62-2 for the intermediate 
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systems of increasing frequency of cutting to 65 8 for the monthly 
cuts, the highest value obtained for the digestibility of organic matter 
during this series of trails. 

The constituent parts of the organic matter, namely, crude 
protein, crude fibre, nitrogen-free extract, and, to a lesser extent, 
ether extract show the same variations in digestibility with stage of 
growth of the herbage, although differing at times in magnitude. 
Thus, the apparent digestibility of the crude protein appears to be 
influeiHed to a greater extent than the other constituents by the 
maturity of the grass. Tlie figures for the monthly and 4-monthiy 
herbage of the 1985-"ff) season differ by as much as 22 2 per cent, in 
favour of the herbage cut according to the former system. The 
imi)rovement in digestibility with increasing frequency of cutting is 
as pronounced in the samples for the following season, the lowest 
value being 62 4 for tlie 6-montlily cuts as against 60-6 for the 
monthly cuts. The composition of the crude fibre content of the 
herbage samples may have influenced the apparent digestibility of 
the crude protein in that, although the crude fibre content as deter¬ 
mined for two' different grass samples may be of the same magnitude, 
there may be differences in the amounts of indigestible, encrusting 
materials, such as lignin, which would protect portions of the protein 
in some measure from enzymatic activity. Nevertheless, from a 
comparison of the relevant figures in tables 15 and 17 there appears 
to be a closer relationship between the crude protein content of a 
sample and its apparent digestibility with constant dry matter intake. 
In any case, the apparent digestibility of the crude protein of the 
herbage samples tested remains an index of maturity. 

Comparing again table 15 giving the percentage composition- 
of the dry matter of the grass samples tested with table IT it would 
appear that there is no consistent relation between the percentage of 
crude fibre in the hay consumed and the coefficient of digestibility. 
For digestion periods 1 to 4 the digestibility of the crude fibre 
improves progressively with decreasing percentage of crude fibre in 
herbage obtained under increasing frequency of cutting. But, for 
digestion i)eriods 5 to 9, whilst the digestibility increases in the same 
Xirogressive manner with the shortening of intervals between cuts, 
the crude fibre content of the herbage remains the same for periods 
5 and 6, then .drops somewhat but is again constant for the three 
final periods. It appears, therefore, that for the climatic conditions 
obtaining during the twm seasons of the i)lot experiment the figure 
for crude fibre content as determined by the conventional method 
does not as such indicate the extent to which it will be digested. More 
knowledge is needed in regard to the actual chemical composition of 
the crude fibre moiety. The results of work recently undertaken by 
Norman (1936) show that the cellulosic structure *of a i:)lant is 
underestimated in an irregular manner in the fibre determination 
Whereas in young herbage the crude figure accounted for about 
90 per cent, of the cellulose, in more mature herbage only 72 per cent, 
was estimated. A contributary factor in this was found to be the 
increase of xylan in the cellulose with increasing age. Lignin w^as 
also found to increase with maturity. 
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Whilst, therefore, as stated when discussing the digestibility of 
the crude protein, the actual tigure for crude fibre may be of a similar 
magnitude in two different herbage samples, the changes taking place 
in the structural materials of plants with age will result in decreased 
digestibility of the crude fibre. 

The digestion coefficients for the nitrogen free extract show the 
same tendency with the stage of growth in the samples as indicated 
for the other constituent parts of the organic matter. However, the 
nitrogen-free extract is distinctly less digestible than the crude fibre, 
the coeflicients being on an average 10-() per cent, and 6 6 i)er cent, 
higher for the latter than for the former constituent in the hay 
samples of the 1965-36 and the 1936-37 seavsons, respectively. 

Woodman (1930) found a similar result for a mineral-deficient 
herbage tested by him. He remarked that although this finding 
emphasizes the important role played by bacteria in the digestion 
of roughages by ruminants, it is difficult to understand why the 
nitrogen-free extractives in such herbage should run off more quickly 
than the fibrous constituents into an indigestible and unavailable 
condition The result is perhaps not so surprising when considered 
in conjunction with the possibility that fermentation in the aniinal 
may change crude fibre so as to be partly soluble in 1*25 per cent, 
acid or alkali, thereby causing it to appear in the nitrogen-free extract 
of the faeces, according to tlie conventional method of calculating 
tjie so-called nitrogen-free extractives Low figures tor the crude 
fibre content of the faeces will consequently be partly responsible for 
high values for computed nitrogen-free extract content of the faeces 
(see table K, appendix), and this in turn will cause the coefficients of 
digestibility for nitrogen-free extract to be low. 

Fraps (1930) studied the digestibility by sheep of the constituents 
of the nitrogen-free extract of feeds. He found, for instance, that- 
the niiiogen-free extract of roughages contained high percentages of 
pentosans and other residues not included under sugars, staiches and 
pentosans determined; and that these pentosans and residues of the 
nitrogen-free extract were digested considerably less efficiently than 
those occurring in the N-free extract of concentrates. In any case, 
it seems evident that the nature of the constituents of the N-free 
extract and the crude fibre of roughages offers a field for extensive 
investigation. 

The coefficients of digestibility for the ether extract, the remain¬ 
ing constituent in table IT, do not show consistent variations with 
degree of maturity of the herbage, and are comparatively low. These 
low values and a certain degree of lack of uniformity may be ascribed 
to the low percentage of ether extract in the hays studied and to the 
fact that the faeces always ( ontain ether-soluble material of a meta¬ 
bolic character, as previously stated. 

Due to the intimate relationship existing between the stage of 
growth of the herbage and its digestibility comparisons between the 
results of this investigation and those obtained by other workers are 
complicated. However, in table 18 a few such comparisons are made 
with the results obtained in period 4 of the present series of trials. 
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Roughage. 

Percentage 

Crude 

Protein. 

Percentage 

Crude 

Fibre. 

Percentage digested. 

Organic 

Matter. 

Crude 

Protein. 

Ether 

Extract. 

N-free 

Extract. 

Crude 

Fibre. 

Teff hay (Ross, et al, 192?). 

9-8 

31*9 

- 

61-2 

22*9 

5?*8 

6M 

Rhodes grass hay (Iyer, 19S5).•. 

11'4 

3?-o 

63'? ' 

59*4 

24-8 

55'3 

]4*4 

Prairie hay (Christensen, 1932). 

9-6 

28-3 

64‘3 ' 

52*2 

33*6 

6?*5 

66'8 

MineraWeficient hay (Woodman, 1930). 

13'0 

35-1 

48*0 

52*0 

5*8 

41*8 

5M 

Period 4 (This investigation)... 

10-4 

33‘9 

64'3 

83*5 

41*4 

60*] 

7(l'8 


TadleIS, 

Skomn^ pmnt(i§es iiijutMe nutrients and starch eijuiwlent in irp Matter of hap samples 


5 

c 

d 

d 

H 

0 

0 

d 

H 

H 

H 

b 

K 

H 


fed during digestion periods 1 to 9 . 


Period. 

Hay sample. 

% 

Crude 

Protein. 

Dig. 

Organic 

Matter. 

■ 

Dig. 

Ether 

Extract. 

Dig, 

Crude 

Fibre. 

Dig. 

N-free 

Extract. 

P.S,E. 

Nutritive 

ratio. 

1 

4-monthly cuts, 1935-38 season. 

2-2? 

44*00 

0*51 

21*?2 

19*50 

21*92 

1 : 18'6 

2 

3-montlily cuts, 1935-38 season. 

3*55 

49*00 

0*69 

22*80 

22*02 

2?*88 

1 : 13-0 

3 

2-monthly cuts, 1935-38 season. 

5*.34 

51*65 

0*?2 

22*4? 

23'32 

31*89 

1 ; 8*8 

4 

1-monthly cuts, 1935-36 season. 

6*61 

5?*22 

1*1? 

24'00 

25*40 

38'18 

1 : H 

5 

6-monthly cuts, 1936-3? season. 

1*42 

42*80 

0*68 

19*?8 

20*8? 

22'11 

1 ; 29-6 

6 

4-monthly cuts, 1938-3? season.. 

1*98 

48*52 

0*88 

21*10 

22*?5 

26'(I4 

1 ; 23'0 

? 

3-monthly cuts, 1938-3? season. 

3*1? 

51*40 

1*18 

21*20 

25*83 

32-54 

1 ; 15'6 

8 

2-monthly cuts, 1936-3? season. 

3*96 

1 55*15 

1 

0*89 

22*88 

2?*60 

35'98 

1 ; 13'1 

9 

1-monthly cuts, 1938-3? season. 

5*0? 

58*20 

0*99 

24*60 

2?*52 

38'92 

1 : 10'6 
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A South African, an Indian, a European, and an American roughage 
have been selected, and the crude protein and crude fibre contents 
have been included in the table to indicate the approximate stage of 
growth. 

A distinct feature in the table is, with the exception of the 
prairie hay, the higher coefficients of digestibility for crude fibre in 
relation to those for the N-free extract. The ether extract values 
are comparatively low in all cases, crude protein has been digested 
somewhat more efficiently in the South African roughages, and the 
digestibility of the organic matter is distinctly low in the European 
mineral deficient hay in comparison with that for other hays reported 
in the table. In any case, the digestibility of the South African 
fodders compares favourably with that of materials of a somewhat 
similar stage of growth in other countries. 


(h) The influence of frequency of cutting on nutri iive value. 

Table 19 gives a summary of the percentages of digestible 
nutrients and starch equivalent in the dry matter of the herbage 
samples tested in digestion periods 1 to 9. The starch equivalent 
has been calculated by the usual formula, namely (diges¬ 
tible i)rotein x 0’94) plus (digestible fat x 1-91) i)lus (digestible 
crude fibre) plus (digestible nitrogen-free extract). Since “ true ” 
protein has not l)een determined the figure for digestible crude protein 
has been employed. To the value obtained according to the above 
formula the customary correction for roughages (Kellner, 1915) of 
a deduction of 0*58 of a starch equivalent for each 1 per cent, of total 
crude fibre in the hay sample concerned lias been applied to arrive 
at the figures for production starch equivalent (P.vS.E.) in table 19. 
From the method of computation it is evident that the figures 
represent net energy values, one pound of starch equivalent, accord¬ 
ing to Kellner, having a net energy value of 1,071 calories. 

The results in table 19 again bring out the influence of the stage 
of growth of file herbage on its feeding value. The dry matter of 
the 4-montl}ly cuts fed in period 1 contains only 44*00 per cent, 
digestible organic matter including 2 27 per cent, digestible crude 
protein as against 57*22 per cent, digestible organic matter including 
0*61 per (ent. digestible crude protein in the herbage of period 4, 
cut at monthly intervals during the 1935-36 season. In the hay 
samples of the following season the digestible organic matter increases 
in a similarly progressive manner from 42*80 per cent., including 
only 1*42 per cent, digestible crude protein in the G-monthly cuts to 
58*20 per cent, of which 5*07 per cent, is digevStible crude protein, 
in the herbage from the highest frequency of cutting fed in Ihe final 
period of the series of trials. The nutritive ratio is extremely wide 
in most cases, but is profoundly influenced by the stage of growth 
of the grass samples. For the 1935-36 samples it decreases from 
18*6 to the medium value of 7*8 in the monthly cuts, while for the 
1936-37 samples it remains wide for all systems of cutting, but, never¬ 
theless decreases from 29*6 in the oldest to 10*6 in the youngest 
herbage. 
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As may be expected, considering the method of computation, 
the starch equivalents varv similarly to the digestible organic matter 
in the hay samples studied, the values increasing from 21*92 to 38*18 
and from 22 11 to 38*92 with increasing frequency of cutting in the 
herbage samples of the 1935-36 and 1936-37 seasons, respectively. 


Following a procedup employed by Woodman (1930) the 
amounts of starch equivalent which the sheep were consuming during 
the periods of seemingly increasing live weight were calculated. For 
this purpose digestion periods 3 and 4 and digestion periods 8 and 9 
were chosen(cf table 16). These two sets of periods were each of 
about four weeks duration, namely, from the 14th March to the 11th 
April and from the 25th June to the 23rd July, to be henceforth 
known as period A and period B, respectively. The average daily 
consumption of dry matter per head was 1*41 lb. for period A and 
the same amount, viz. 1*41 lb., for period B (cf* table J). The 
mean starch equivalent content of the herbage fed during the two 
periods was 35*03 and 37*45 for periods A and B, respectively, so 
that the mean daily starch equivalent consumption of the sheep 
amounted to 0*49 lb. in period A and 0*53 lb. in period B, and on this 
they were able fully to maintain live weight. The mean weights of 
the sheep (average for three animals) were 72*3 lb. in period A and 
74*4 lb. in period B. Employing Rubner’s formula, viz. 


E, = Eo Q) where E^ and Eq relate to energy consumption a 


Vi and Vq to the corresponding live-weights, the figures above for 
starch equivalent consumption become 0*61 lb. and 0*65 lb. for a 
sheep of 100 lb. live-weight in periods A and B respectively. 


Wood and Capstick (1926) gave a figure of 1*26 lb. of starch 
equivalent as the maintenance allowance for a sheep weighing 100 lb., 
while Woodman (1930) indicated that 0*86 lb. of starch equivalent 
enabled a sheep to fully maintain 100 lb. live-weight. The mean for 
the figures computed from the data of the present investigation, 
namely, 0*63 lb. for a sheep weighing 100 lb. is exactly 50 per cent, 
of Wood and Capstick’s figure and considerably lower than the value 
calculated by Woodman. On the other hand, Mpllgaard (1931) in 
his book Grundziige der Ernahrungsphysiologie der Haustiere ” 
gave a figure of 708 NKp as the maintenance requirement of a sheep 
weighing 50 Kg. This, converted by the expressions 2365 NKy = 1 

Kg. starch equivalent and E,^Eo Q) ^ becomes 0*62 lb. of starch 

equivalent per 100 lb. live-weight, a figure which is practically the 
same as that obtained above. However, M0llgaard’s figure has been 
taken from the older German investigations and the figure of 0*63 
above ha^ been computed from the data of a short term trial under 
experimental conditions, and may for that reason be an under¬ 
estimation of the net energy requirements for maintenance, if the 
other figures quoted in the above discussion are to be considered as 
standard values. In this connection it should be pointed out that the 
figure here obtained has been calculated from the data from the 
herbage samples of the lowest degree of maturity, and it will 
consequently be still lower if computed _from the data obtained in 
periods 1, 2, 5, 6, and 7. If, therefore, {)*63 lb. starch equivalent is 
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an imder-estimation of the maintenance requirement, the animals 
must have been on a sub-maintenance ration for the whole of the 
series of trials, and such a conclusion is unacceptable in view of the 
fact that the animals may be considered to have at least maintained 
body-weights for the period January 19 to July 23, a period of fully 
6 months during which they subsisted entirely on the experimental 
rations, except for tlie 8 days between periods 4 and 5 when they were 
fed on the Teff-lucerne hay mixture, the composition of which did 
not differ materially from that of the grass hay consumed during 
period 4. 

Nevertheless, whilst the results of the present investigation seem 
to indicate that the animals employed are able to maintain live-weight 
on much smaller amounts of starch equivalent than are demanded 
by European standards, they do ,on the other hand, focus attention 
on the necessity for long-term trials with the object of establishing 
whether samples of grass hay obtained according to the systems of 
cutting applied during the two seasons of the experiment will at the 
same level of dry matter intake provide sufficient net energy to 
maintain live-weight, irrespective of the stage of growth of the 
grasses, and disregarding for the moment other deficiencies wdiich may 
be present in herbage of an advanced stage of maturity, such as 
protein and phosphorus. The present series of trials aimed primarily 
at determining digestibility and were not planned for the purpose of 
establishing the relative energy value of herbage of varying degree 
of maturity for the maintenance of sheep, but they do indicate the 
necessity for utilising grasses at the younger stages of growth. 

To conclude this discussion it will be interesting to compile a 
new table from table 13, giving the production of dry matter and 
crude protein under the different frequencies of cutting applied to the 
grasses, in the light of the data relating to digestion coefficients in 
table 17. Table 20 shows the production of digestible crude protein 
and starch equivalent from each of the series of cutting treatments 
to which the grasses were subjected. 

In view of the influence of cutting frequency on the digestibility 
and gross production of pasture species discussed earlier it may be 
expected to affect the yield of digestible nutrients in a similar manner, 
only to a more marked degree. A glance at table 20 reveals the fact 
that while there may be no difference between the monthly and the 
2-monthly systems, the production of digestible nutrients from any 
one of these treatments is superior to that from the more lenient 
systems of cutting. The effect of repeated Sefoliations at monthly 
intervals on the vitality and yielding capacity of the grasses is not 
reflected in the yield of digestible nutrients for the first season of the 
experiment but becomes distinctly noticable during the second season, 
when there w^as a difference of about 20 per cent, in the production 
of starch equivalent in favour of the 2-monthly system of cmtting. 
In view of this circumstance' there again seems to be justifiable 
grounds for the conclusion reached earlier in this report, namely that, 
under the climatic conditions of the experiment, a system of cutting 
natural veld grasses at intervals of 2 months during the growing 
season will result in the optimum utilisation of such pasture. 
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Table 20. 

Seasonal production of digestible crude protein and starch equivalent 

in pounds per acre. 


i 

. 


Cutting treatment. 


Season. 

1 

2 

3 

4 

6 



month. 

months. 

months. 

1 

months. 

months. 

Digestible crude protein. 

1935-36 

128 

122 

87 

57 

57 

1936-37 

82 

82 

58 

49 ! 

33 

Starch equivalent. 

i 

1 

1935-36 j 

738 

729 

632 

i 

552 

552 

1936-37 ! 

627 

746 

601 

596 

514 


(c) The Influence of Frequency of Cutting on the Nitrogen, 
Phosphorus and Calcium Balances. 

The nitrogen, phosphorus, and calcium balances for each of the 
series of nine digestion trials appear in tables L, M and N of the 
appendix, the i)eriod numbers corresiiondiiig with those in Table 14. 

Considering the average of the mean daily balances for the three 
sheep it is seen that, except for period 5 when a negative balance 
was obtained, the amount of hay consumed provided sufficient 
nitrogen to maintain the sheep in nitrogen equilibrium and to permit 
of the storage of nitrogen in the animal organism during some of 
the periods of the series. 

From the data given in Table 21 it is possible to arrive at an 
approximate figure for the nitrogen maintenance requirement of a 
fullgrown Merino wether weighing about 70 lb. fcf. Table 16). 
From an inspection of Table 21 it may be concluded that during 
digestion periods 1 and 6 the sheep were on an average in nitrogen 
equilibrium, the amounts of nitrogen digested being 2*29 grams and 
2*03 grams respectively. The mean value for the two periods, viz. 
2*16 grams digestible nitrogen is assumed to be adequate for the 
maintenance of nitrogen equilibrium. Since, however, the wool of 
the sheep always grows allowance for the nitrogen thus stored should 
be made in the maintenance requirement. 

Mpllgaard ' (1931) gives an average amount of 14*0 grams 
digestible, protein to be the additional requirement for wool growth 
of a sheep weighing 100 kg., or proportionally, 0*72 grams digestible 
nitrogen for a sheep of 70 lb. live weight. The total requirement 
for maintenance and wool growth would then be 2*88 grams 
digestible nitrogen or 18*0 grams digestible crude protein per 
day for a sheep weighing 70 lb. According to Wood and 
Woodman’s Eations for Live Stock ” (1932) a sheep of similar 
weight would require 0*28 lb. per week or 18*2 grams digestible 
protein per day. It should, however, beTnentioned that the figures 
in their table for protein are given in terms of protein equivalent 
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Iaile 21, 


Diges¬ 

tion 

Period. 

Hay sample fed. 

Percentage 
Crude 
Protein 
in dry 
matter. 

Actual 

mean 

daily 

dry 

matter 

intake 

Ip.). 

Mean 

daily 

N. intake 
(gms,), 

Coeffi¬ 
cient of 
apparent 
diges¬ 
tibility. 

Mean 

daily 

(gms,). 

Mean 

daily 

N, balance 
(gms,). 

Calculated 

daily 

diy matter 
intake 
required. 
forN. 
main¬ 
tenance 
(gms,), 

1 

4-montlily cuts, 1935-36 season. 

5'56 

631 

544 

414 

2’29 

+ 646 

794 

2 

3-iontlily cuts, 1935-36 season. 

61) 

656 

742 

514 

3'66 

+ 647 

516 

3 

2-inontlily cuts, 1935-36 season. 

8'M 

647 

‘ 945 

664 

542 

+ 241 

338 

4 

l-iontlly cuts, 1935-36 season. 

1642 

i 638 

16'63 

634 

645 

+ 1'86 

272 

0 

6-nionllily cuts, 1936-37 season. 

447 

638 

445 

324 

1'44 

-646 

1,276 

6 

koniy cuts, 1936-37 season. 

5’66 

641 

542 

39'6 

2'63 

+ 643 

968 

1 

3-Biontiily cuts, 1936-37 season. 

6'28 

642 

645 

564 

3'25 

+ 146 

; 569 

1 

2-inontlily cuts, 193647 season. 

7'18 

1 648 

745 

554 

441 

+ 142 

i 454 

9 

l-monthly cuts, 1936-37 season. 

! 

8’« 

635 

8’53 

664 

544 

i +141 

356 


T.ible22. 


Digestion 

Period. 

Mean 

body 

weight 

of 

sheep 

Mean 

daily 

di}’ 

matter 

intake 

(gms.), 

Mean 

daily 

nitrogen 

intake 

(gms,). 

Mean 

daily 

total 

faecal 

nitrogen 

(gms.). 

Mean 

daily 

metabolic 

faecal 

nitrogen 

(gms.). 

Coefficient 

of 

apparent 

digesti¬ 

bility. 

Coefficient 

of 

true 

digesti¬ 

bility. 

Mean 

daily 

nitrogen 

absorbed 

(gms,). 

Mean 

daily 

urinar]' 

nitrogen 

(gms,), 

Mean 

daily 

endogenous 

urinary 

nitrogen 

(gms,). 

Mean 

daily 

nitrogen 

utibsed 

(gms.). 

Percents 

uiza- 

tion. 

1 

324 

631 

5’54 

3'25 

147 

414 

73-2 

446 

243 

143 

2'96 

72-9 

2 

324 

656 

742 

348 

1-84 

514 

784 

: 5'58 

2'89 

143 ' 

342 

664 

3 

324 

647 

945 

3'63 

141 

664 

864 

743 

342 

MI4 

545 

714 

4 

334 

638 

1643 

348 

149 

634 

14 

8'54 

4'94 

146 

4'66 

544 

5 

33'6 

638 

4-45 

341 

149 

324 

724 

3’23 

145 

148 

2'56 

794 

6 

324 

641 

542 

3'69 

149 

394 

74-6 

342 

141 

145 

2-96 

774 

7 

324 

642 

645 

349 

1'86 

564 

784 

5'96 

246 

M)4 

3'94 

774 

8 

334 

648 

745 

3’35 

141 

554 

794 

541 

249 

1'67 

449 

744 

9 

344 

635 

8'53 

' 

349 

148 

664 

81-2 

i 

642 

: 343 

I *•>« 

1 

449 

1 

63'4 
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The figure calculated above would be lower if given in similar terms, 
depending on the pure protein content of the rations of grass hay 
consumed, but would nevertheless be in close agreement with that 
given in Rations for Live Stock The amount of material 
available did not permit of duplication of individual trials to establish 
whether the nitrogen balances observed would persist indefinitely. 
At the same time, there seems to be giound for the point of view 
that in the case of protein the growth obtained in a few weeks of 
feeding or’the rate of nitrogen retention in even shorter periods under 
properly controlled conditions, will be representative of the adequacy 
of the protein supply [Mitchell and Hamilton (1929)]. 

In any case, even if it is only approximate, the figure calculated 
may serve the purpose of determining the relative values of the hay 
samples fed during digestion periods 1-9, as sources of nitrogen for 
the maintenance requirements of the Merino sheep. These values 
appear in the last column of Table 21 and represent the weight of 
dry matter which a 70 lb. sheep must consume daily of any one of 
the different hay samples to ensure the ingestion of 18 0 grams 
digestible crude protein, i.e. the requirement for maintenance and 
wool growth. The figures afford yet another demonstration of the 
profound influence of frequency of cutting on the nutritive value of 
grasses. For instance, in the case of the samples of the 1936-37 
season, a sheep has to consume no less than about 1300 grams 
of the dry matter of the 6-monthly cuts for its nitrogen requirements, 
whereas the nitrogen in only 356 grams of the dry matter of monthly 
cuts is adequate for the same needs. 

However, the dry matter intake remained practically the same 
for all the periods in the series of experiments and the plane of 
nitrogen intake consequently varied from period to period. Under 
these conditions it will be interesting if the percentage utilization 
or biological value of the nitrogen at the different planes of intake 
corresponding with herbage obtained under dift'erent frequencies of 
cutting were known. 

In the nitrogen balance method described by Mitchell (1923) 
the biological value of a protein is defined as the percentage of the 
absorbed nitrogen which is retained by the body for repair or the 
construction of nitogenous tissue. Due to the fact that a certain 
fraction of the faeCal nitrogen is derived from the intestinal tract 
and its secretions during digestion the ordinary coefficient of 
digestibility discussed earlier in this paper is not a true measure of 
the amount of nitrogen absorbed; the undigested food nitrogen only, 
and not the total nitrogen in the faeces, should be deducted from the 
nitrogen intake to obtain the amount actually absorbed. Further¬ 
more, the urinary excretions contain nitrogen resulting from tissue 
catabolism as well as nitrogen resulting from incomplete utilization 
of dietary nitroj^'en. It is obvious, therefore, that the body’s 
contribution of nitrogen to the urinary and faecal excretions must 
be assessed to permit of the measurement of the percentage utilization 
of the nitrogen absorbed. 

Various direct methods have been dfiyised for separating the two 
fornis of faecal nitrogen by digestion of the faeces with enzymes or 
special solvents, [Pfeiffer and Lemmermann (1901); Wohlbier 
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(^1930)] but these are considered to be based on unacceptable assump¬ 
tions and do not give the information desired [Woodman (1924). 
Mitchell and Hamilton (1929), Watson and Horton (1936)]. Several 
workers in the field of nutrition are now making use of indirect 
methods for the estimation of the endogenous urinary faecal niti'ogen. 
[Mitchell (1923), Sotola (1930), Martin and Robinson (1922), Boas 
Fixsen (1930), Hutchinson and Morris (1936)]. Briefly the principle 
of this method resolves itself into the measurement of the faecal 
and urinary excretion of nitrogen when the animal consumes a 
nitrogen-free ration complete in all respects except for the absence 
of nitrogen. The body's contribution of nitrogen to the urinary and 
faecal excretions during periods of protein feeding is then measured 
by the nitrogen content of the urine and faeces of the experimental 
animal when receiving a nitrogen free ration, the feed intake being 
such as to provide liberally for the energy maintenance requirement. 
It has also been shown that the excretion of nitrogen in the faeces 
of animals on nitrogen-free diets varies directly with the amount of 
feed consumed. 

The present series of trials were not planned for the purpose of 
measuring biological values, but, since both the endogenous urinary 
nitrogen and the metabolic faecal nitrogen of the same three sheep 
(employed in these trials) were determined by Smuts (1938) in 
experiments following directly on the digestion trials, the values 
obtained by him are assumed to be a fair indication of the endogenous 
nitrogen metabolism of the animals during the digestion experiments 
reported in this paper. Smuts fed a nilrogen-free ration containing 
about 25 per cent, crude fibre and found the average endogenous 
urinary and faecal nitrogen of the three animals to be 0*032 grams 
nitrogen per kilogram body weight and 0*28 grams per 100 grams 
food intake, respectively. Using these figures the percentage 
utilization of the nitrogen estimated to have been absorbed from the 
rations fed in digestion periods 1 to 9 has been calculated in Table 
22 from the experimental data shown in Table 16 and Tables J and L 
of the appendix. Average values for the three sheep“h‘aVe been 
used throughout. ^ 

A glance at Table 22 shows that the figures for the “ true " 
digestibility greatly exceeds those for the “ apparent " digestibility, 
the ditferences between the two series of values becoming less as the 
nitrogen content of the feed consumed increases. The accuracy of the 
figures for the digestibility is, of course, dependent upon the accuracy 
of the figure for the inetabolic faecal nitrogen, and since the 
determination of the latter is based upon an^ indirect method of 
uncertain exactness, the values for the true digestibility must be 
looked upon as only approximate. At the same time a slight under 
or overestiniation of the metabolic faecal nitrogen will not seriously 
affect the value calculated for the percentage of nitrogen utilised by 
the animal body, as both the numerator and the denominator of the 
fraction determining the biological value are influenced by the figure 
for the metabolic faecal nitrogen. 

The accepted infiuence of the level of nitrogen intake on its 
utilisation by the animal organism [Mitchell (1923)] is clearly 
demonstrated by the variations in the figures for the percentage 
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utilisation in Table 22 with variations in the nitrogen concentration 
of the rations. With increasing intake in periods 1 to 4, and again 
iti periods 5 to 9 the percentage utilisation tends to decrease, the 
highest and lowest values being indicated for periods 5 and 4 when the 
nitrogen intake was at its lowest and highest, respectively. 


Whilst, therefore,, the actual amount of nitrogen utilised for 
maintenance and tissue growth was highest during those periods 
when grasses at the younger stages of growth were fed, (see column 
12, Table 22), the wastage of nitrogen in the metabolic processes 
of the animal was least when the rations consisted of more mature 
herbage. If the level of nitrogen intake had been the same for each 
of the nine hay samples of varying degree of maturity tested, the 
percentage utilisation of the nitrogen absorbed may be expected to 
have been of a somewhat similar magnitude throughout. On the 
otlier hand, from what has been stated earlier in this paper under 
generaT scheme of the trials ” with reference to the amount of 
grass hay w^hich the type of sheep employed in the experiments will 
consume continuously, it is doubtful whether the animal will consume 
the weight of () monthly cut grass hay which is needed for its nitrogen 
maintenance requirements (see Table 21). At the same time the 
relatively small amount of hay obtained l)y cutting at monthly 
intervals, which will suffice for its nitrogen needs, will probably 
not be adequate to provide for its energy requirements. Consequently, 
if grass hay has to be made use of, without the addition of other 
energy-yielding or nitrogenous supplements, it is concluded that it 
may be utilised most advantageously, as a maintenance ration for 
adult sheep, when cut at the intermediate stages of growth, viz. at 
2- or 3- monthly intervals. 

Owing to the shortness of the feeding experiments and since the 
inadequacy of nutrients that may be stored in considerable amounts 
relative to current expenditure in the animal body may be deferred 
for longer periods of time than in the case of protein, there is little 
justification for embarking upon a discussion of the results obtained 
in the measurements of the calcium and phosphorus balances. These 
balances have been included wdth the other rewsults of the investigation 
merely to indicate probable influences of the different rations on the 
mineral metabolism of the animals wdthin the short interval of time 
allotted to each digestion trial. 

The data for the calcium balances have been decidedly 
disappointing in that consistently negative balances were obtained, in 
spite of variations in the mineral content of the rations consumed. 
In considering these results it should be borne in mind that mature 
sheep were employed in the experiments. The maintenance require¬ 
ments for such animals does not appear to be definitely known 
[Franklin (1935)], but is undoubtedly small relative to that for 
growing animals. Factors which may have influenced the ( alcium 
balances are the digestibility or availability of the calcium in, the 
unfavourable calcium-phosphorus ratio of, actual deficiency of 
phosphorus during some periods, anil^ the probable absence of 
unknown factors in the experimental rations. 
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Apparently the grass samples obtained by cutting at monthly 
and 2-monthly intervals and fed during periods 4 and 9, and periods 
3 and 8, respetdively, tended to bring about a condition of phosphorus 
equilibrium in the animals, whereas negative balances were registered 
for all other periods. In view of the advantages attaching to a 
system of cutting herbage at 2-monthly intervals during the growing 
season, as indicated previously, the mineral metabolism of animals 
subsisting entirely on such herbage could with advantage be 
investigated with special reference to the requirements for 
maintenance and growth in respect of calcium and phosphorus. 


IX. GENERAL SUMMARY AND CONCLUSIONS. 

Five species of indigenous grasses, namely Cldoris gay ana, 
Sefaria Lindenhergiana, Cenchru.s Ciliaris, Digitaria Pentzii Pretona 
small, and Panicv ni iiui.rim n tn, were established each in five 
replications on 25 plots, each measuring (24 x 17) square feet, in a 
Latin Square arrangement. Ea(‘h plot was again subdivided into five 
equal portions and a different treatment allocated at random to each 
subplot within a main plot. The effective cutting area of a subplot 
measured (22 x 3) square feet. The experiment covered two growing 
seasons and the treatments applied were: — 

(1) (hitting the herbage at monthly intervals; 

(2) Cutting the herbage at 2-monthly intervals; 

(3) Cutting the herbage at 3-monthly intervals; 

(4) Cutting the herbage after 4 months growth, followed l)y 

an aftermatli cut of 2 months growth; and 

(5) (hitting the herbage once only towards the end of the 
growing season, usually a (i-monthlv cut. 

The objects of the investigation were to study the effect of the 
treatments on the yield, chemical composition, digestibility and 
nutritive value of the grasses under naiural conditions of soil and 
climate. To test the digestibility the produce obtained under any one 
cutting treatment for all the species combined was treated as a single 
sample. 3'bree adult Merino wethers were employed and the hay 
samples were tested in nine successive digestion periods. 

The following is a vsummary of the results obtained: — 

(1) Grasses of the stoloniferous type were Readily propagated 

from roots, whereas the establishment of bunch grasses by 
this method demanded much care and attention. 

(2) The intrusion of weeds and other grass species indigenous 
to the locality on the established pure stands occurred most 
on those sub-plots cut at monthly intervals. 

(3) Of the grass species studied Setaria Lmdemhergiana and 
Panicurn mazcimum gave the highest yields of dry matter. 

(4) The yield of dry matter was lowest when cutting the grasses 

at monthly intervals during the growing season. 
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(5) Of theTnore lenient cutting treatments the 6- and 4-monthly 

systems produced on the whole more dry matter than the 
2- and 3-monthly systems. 

(6) Evidence which suggests that the amount of dry matter 
obtainable under a 2-monthly system of cutting may not 
differ materially from that resulting from one cut at the 
end of the season or two cuts as represented by a 4-monthly 
cut in February followed by an aftermath cut two months 
afterwards, has been obtained. 

(7) Rainfall is the most important factor governing the yield 
of grass under natural conditions. It would appear that 
there is a period of optimum growth which is independent 
of the rainfall during seasons when the latter is normal in 
amount and distribution. 

(8) The content of phosphorus, potassium, chlorine, and crude 

protein of the dry mattei* of herbage samples is markedly 
influenced by cutting treatments, the values decreasing 
with decreasing frequency of cutting. Calcium and 
magnesium values do not show appreciable variation with 
stage of growth, while the geneial tendency for sodium is 
to ciecreavse with age in the plant. The crude fibre content 
varies more or less inversely with the protein content and 
the percentage ether-soluble extract shows irregular 
fluctuations with variations in the stage of growth. The 
nitrogen-free extract shows little variation in the dry 
matter of herbage from different cutting treatments. 

(9) On the whole the dry matter content of grasses increases 
with age in the plant. It is, however, considerably 
influenced by climatic conditions. Drought is associated 
with high values while suitable moisture and temperature 
conditions causing active growth are favourable to low 
values for dry matter content. 

\10j While there may be no difference in the production of crude 
protein and phosphorus under a monthly and a 2-monthly 
system of cutting, a steady decrease in the production of 
these nutrients is indicated as the intervals between cuts 
become longer. 

(11) Except for the ether-soluble extract which occasionally 
shows irregular fluctuations, the coefficients of apparent 
digestibility for all the constituents of the organic matter 
of the bay samples decrease steadily with advancing stage 
of growth. The crude fibre was found to be more digestible 
than the nitrogen-free extract. 

(12) Lengthening the interval between cuts greatly influenced 

the nutritive value. The dry matter of ()-monthly cut 
herbage contained only 22*11 per cent, starch equivalent 
including 1*42 per cent, digestible crude protein as against 
38*92 per cent, starch eq uiv alent including 5*07 per cent, 
digestible crude protein in the dry matter of monthly 
cuts. 


222 



J. G, LOUW. 


<13; The nutritive ratio remained wide, but improved from 
l.’29*6 to l!lO () in the dry matter of 6~monthly and 
monthly cut herbage, respectively. 

1^14) The data of the digestion trials seem to suggest that the 
animals employed were able to maintain live-weight on 
much smaller amounts of starch equivalent than are 
demanded by European standards. The figure calculated 
is 0 03 lb. of starch equivalent per day for a sheep 
weighing 100 lb., and confined to a metabolism crate. 

(15) The production of digestible nutrients obtainable by cutting 
grasses at monthly and 2-monthly intervals is considerably 
higher than that resulting from the more lenient systems 
of cutting. The unfavourable etfect of repeated defolia¬ 
tions at monthly intervals on the vitality of the plants is 
reflected in a higher yield of starch equivalent under the 
2-ni()nthly system during the second season of the 
experiment. 

^16) With practically the same dry matter intake for all the 
samples of hay tested the concentration of nitrogen in the 
rations consumed varied according to the stage of growth 
from digestion period to period. Under these conditions 
the most economic utilisation of the nitrogen absorbed 
occurred during those periods when the animals were 
consuming herbage of the highest degree of maturity 
containing the lowest percentage of nitrogen. How^ever*, 
a sheep will probably not c.onsiime suflicienf of such poor 
and comparatively unpalatable hay to i)rovide foi’ its 
nitrogen maintenance requiremnts. 

(17) The consistently negative calcium balances obtained were 
probably not due to an absolute deficiency of this mineral 
in the grass samj)les. No explanation is given for the 
I)henomenon. 

(18) The animals appeared to have been in a state of phosphorus 

equilibrium when feeding on herbage (‘ut at monthly and 
2-Tnonthly intervals. 

iSince the results obtained with the grass vspecies studied on the 
particular type of soil and under the climatic (‘ondiiions obtaining 
during the two seasons of the investigation may not be taken to 
apply generally, it is not possible to lay down clear directions for the 
practical man. Nevertheless, from a consideration of the evidence 
of the data obtained in this experiment as a whole it seems to be a 
warrantable conclusion that a system of cutting grasses at approxi¬ 
mately 2-monthly intervals during the gwwing sesison for the purpose 
of providing feed during times of scarcity wall result in the most 
economical utilisation of indigenous grass species under natural 
conditions. 
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Description of Grasses as Cut. 

Chloris gayana\. • 1 
i’-2 
iU7 

7-8 

Short, pre-flowering, wilted and scorched in j^arts by sun. 
Short, a few flowerheads appearing. 

Short, flowering. 

Short, a few flowerheads appearing. 

Setaria lindenhlS'2 
/•6 
■M 
i-3 

Some with flowerheads, wilted and scorched in parts. 
Some with flowerheads. 

Pre-flowering, 

Pre-flowering. 

Cenchrus ciliar^ • 4 
^•0 
.4-3 
fJ-7 

Short, some with flowerheads. 

Short, pre-flowering. 

Short, few flowerheads ap|)earing. 

Short, preflowering. 

Digitaria pentzii • 8 

().0 

6*6 

J *1 

Short, pre-flowering, wilted. 

Short, pre-flowering. 

Short, few flowerheads appearing. 

Short, pre-flowering. 

Panicum, maxlV2 
.^2 

1-4 

Short, few flowerheads present, wilted. 

Flowerheads appearing. 

Flowering. 

Short, few flowerheads appearing. 


•>ry 

Sja,tter 

Cut. 

Description of Grasses as Cut. 

Chloris gayandX ■ 8 

Id-9 

Flowering. 

Long, with flowerheads. 


Setaria linden^lH • 0 

11-4 

Long, flowering. 

Long, no flowerheads. 

Cenchrus 

fl-6 

Flowering. 

Few flowerheads present. 

Pigitaria pentz^2> * 

Short, few flowerheads present. 

Few flowerheads present. 

Panicum, max^6-5 
ts-s 

Flowering. 

Long, with flowerheads. 


11 



ested and voided. 


Sheep 5. 


Sheep 6. 


Crude 
Protein 
- (gm.). 

Ether 

Extract 

( gm -)- 

N-free 

Extract 

( gw .). 

Crude 

Fibre 

( gw .). 

Dry 

Matter 

( gw .). 

Organic 

Matter 

( gw -)- 

Crude 

Protein 

(gw.). 

Ether 

Extract 

(gm.). 

N-free 

Extract 

(gm.). 


35-04 

12-62 

276-6 

246.0 

637-0 

569-5 

35-04 

12-62 

276-5 


19 « f 5 

9-34 

153-0 

110-7 

352-2 

292-2 

21-54 

9-48 

152-8 

] 

15'39 

3-28 

123-5 

135-3 

284-8 

277-3 

13-50 

3-14 

123-7 

J 

. 43-9 

26-0 

44-6 

55-0 

44-7 

48-7 

38-5 

24-9 

44-7 


44-63 

14-30 

276-3 

241-5 

646-8 

576-3 

44-63 

14-30 

276-3 


21-37 

9-73 

136-1 

96-0 

314-0 

259-2 

22-28 

9-73 

133-3 


23-26 

4‘57 

140-2 

145-5 

332-8 

317-1 

22-35 

4-57 

143-0 

] 

62-1 

31-9 

50-8 

60-2 

51-4 

55-0 

50-0 

31-9 

51-8 


' 67-20 

15-20 

274-3 

226-4 

646-8 

573-0 

57-20 

16-20 

274-3 

* 

22-11 

10-58 

124-1 

78-2 

301-5 

244-2 

■ 22-98 

10-74 

12 fl.l 


36-09 

4-62 

150-2 

148-2 

345-3 

328-8 

34-22 

446 

149-2 

J 

- 61-3 

30-4 

54-8 

65-4 

53-4 

57-4 

59-9 

29-4 

54-4 


66-46 

17-96 

266'6 

216-2 

637-7 

567-6 

66 • 45 

17-96 

266-6 


24-20 

10-30 

106-2 

62-2 

2 . 57-7 

206-2 

24-62 

10-68 

106-2 


42-25 

7-66 

160-4 

154.0 

380-0 

361-4 

41-83 

7-28 

160-4 

.1 

63-6 

42-7 

60-2 

71-2 

59-6 

63-7 

62-9 

46-5 

60-2 


27-98 

14-04 

287-5 

234-0 

641-2 

563-6 

27-98 

14-04 

287-5 


18-58 

9-42 

155-4 

110-2 

370-6 

299 1 

19-45 

9-86 

159-6 

] 

9-40 

4-62 

132-1 

123-8 

270-6 

264-5 

8-53 

4-18 

127-9 

1 

33-6 

32-9 

46-0 

52-9 

422 

47-0 

30-5 

29-8 

44-5 


32-16 

16-16 

289-0 

237-0 

644-0 

574-3 

32-16 

16-16 

289-0 


49-38 

10-48 

148-8 

104-2 

330-9 

271-9 

19-83 

10-52 

139-0 

J 

12-78 

5-68 

140-2 

132-8 

313-1 

302-4 

12-33 

5-64 

150-0 

1 

39-7 

35-1 

48-6 

56-0 

48-6 

52-6 

38-3 

34-9 

51-9 


40-28 

19-26 

288-0 

218-2 

641-9 

565-7 

40-28 

19-26 

288-0 

2 

49-96 

11-30 

121-8 

83-6 

301-7 

236-6 

20-01 

11-85 

122-8 


30-32 

7-96 

166-2 

134-6 

340-2 

329-1 

20-27 

7-41 

165-2 

1 

SO -4 

41 - 3 * 

67-7 

61-6 

63-0 

58-2 

60-2 

38-5 

57-4 


46-59 

16-33 

291-2 

220-4 

648-2 

574-5 

46-59 

16-33 

291-2 

2 

; 30-67 

10-17 

112-6 

72-0 

283-6 

222-6 

21-48 

10-69 

113-8 


25-92 

6 - l 6 

17 . 8-6 

148-4 

364-7 

351-9 

25-11 

6-64 

177-4 

1 

^ 6-6 

37-7 

61-3 

67-2 

56-2 

61-2 

53-9 

34-5 

60-8 


i 3-33 

16-00 

^ 75-0 

217-1 

634-9 

561-4 

63-33 

16-00 

275-0 

•7 

BO -50 

9-67 

99-3 

66-4 

263-6 

202-1 

• 21-88 

9-96 

102-5 


32-83 

6-33 

176-7 

160-7 

371-4 

359-3 • 

31-45 

6-04 

172-5 

1 

51-6 

39-6 

63-9 

73-9 

58-5 

64-0 

59-0 

37-7 

62-7 








J. G. LOU\^ 


Table K. 


Showing composition of dry matter of faeces collected during 
digestion periods 1-9. 


Period. 

Sheep 

No. 

Percen¬ 

tage 

Crude 

Protein. 

Percen¬ 

tage 

Crude 

Fibre. 

Percen¬ 

tage 

Ether 

Extract. 

Percen¬ 

tage 

Ash. 

Percen¬ 

tage 

N-free 

Extract. 

Percen¬ 

tage 

P. 

Percen¬ 

tage 

Ca. 

1. 

4 

6-0 

30*3 

2*73 

16*98 

44*00 

0*172 

0*742 


5 

5-6 

31-4 

2*65 

16*95 

43*40 

0*173 

0*7.54 


6 

61 

30*7 

2*69 

17*10 

43*40 

0*186 

0*760 

2. 

4 

6-9 

29*4 

3*22 

17*87 

42*5 

0-228 

0*834 


5 

6*7 

30*1 

3*05 

17*48 

42*7 

0*211 

0*822 


6 

71 

29*8 

3*10 

17*45 

42*5 

0*225 

0*809 

3. 

4 

7-9 

27*3 

3*57 

19*32 

41-9 

0*2.37 

0*976 


5 

7-5 

26*7 

3*61 

19*75 

42-4 

0*235 

0*968 


6 

7-6 

28*3 

3*56 

19*00 

41*5 

0*235 

0*936 

4. 

4 

9-6 

25*0 

4*24 

20*30 

40*9 

0*281 

0-972 


5 

9-5 

24*4 

4*04 

20-40 

41*7 

0*282 

1*015 


6 

9*6 

25-1 

4*15 

19*96 

41*2 

0*283 

0*976 

5. 

4 

5-42 

I 

29*2 

2*84 

20*15 

42*39 

0*160 

0*835 


5 

5-11 

30-3 

2*59 

19*30 

42*70 

0*159 

0*826 


6 

5*25 

29*7 

2*66 

19*30 

1 43*09 

0*155 

0*818 

6. 

4 

5-88 

30*0 

3*25 

17*76 

43*11 

0*188 

0*805 


5 

5*65 

30-4 

3*06 1 

17*50 

43*39 

0*191 

0*812 


6 

6*00 

31 0 

3*18 

17*83 

42-(HJ 

0*193 

0*818 

7. 

4 

6*68 

26-9 

3*98 

21 *50 

40*94 I 

0*217 

1 *023 


5 

6*64 

27*8 

3*75 

21*30 

40*51 

0*220 

1*018 


6 

6*64 

27*1 

3*93 

I 1 

21*60 

40*73 

0*219 

1 *005 

8. 

4 

7*56 

26*0 

3 93 

22*12 

40*39 

0*237 

1*060 


5 

7*48 

26-1 

3*68 

21*95 

40*79 

0*235 

! 1*046 


6 

7*58 

27*0 

3*77 

21*50 

40*15 

0*235 

; 1*017 

9. 

4 

8*60 

23*6 

3 84 

23*95 

40*00 

0*265 

1*115 


5 

8*36 

23*0 

3*94 

24*26 

40*44 

0*267 

1*130 


8 

8*30 

25*7 

3*78 

23*32 

38*90 

0*263 

1*075 
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INFLUENCE OF CUTTING ON YIELD, ETC., OF GRASS SPECIES. 


Table L. 

Showmg Nitrogen balances in sheep during digestion periods 1-9. 


Period. 

Sheep No. 

N. 

consumed 
per day 
(gM-). 

N. excreted per day. 

Mean 

daily 

N-‘ 

balances 

(gm.). 

Faeces 

(gm.). 

Urine 

(gm-)- 

Total 

(gm.)- 

1. 

4 

5-42 

3-17 

2-06 

5-23 

+ 0-19 


5 

5-61 

3-14 

2-06 

5-20 

+ 0-41 


6 

5-61 

3-44 

2-28 

5-72 

„ ().ll 

2. 

4 

7 09 

3-41 

2-83 

6-24 

+ 0-85 


5 

714 

3-42 

3-02 

6-44 

+ 0-70 


6 

714 

3-56 

2-83 

6-39 

+ 0-75 

3. 

4 

9-15 

3-67 

2-9r. 

6-62 

-f 2-53 


5 

9-16 

3-54 

3-20 

6-74 

+ 2-41 


6 

9‘15 

3-67 

3-20 

6-87 

+ 2-28 

4. 

4 

10-63 

3-84 

4-84 

8-68 

f 1-95 


5 

10-63 

3-87 

4-94 

8-81 

-f 1-82 


6 

10-63 

3-94 

5-05 

8-99 

+ 1-64 

5. 

4 

4-41 

2-95 

1-78 

4-73 

- 0-32 


5 

4-48 

2-97 

1-78 

4-75 

- 0-27 


6 

4-48 

3-11 

1-69 

4-80 

~ 0-.32 

0. 

4 

6-07 

3-00 

2-02 

5-02 

-f 0-05 


5 

5-15 

3-10 

1-85 

4-95 

-f 0 -20 


6 

5-15 

3-17 

1-85 

5-02 

+ 013 

7. 

4 

6-46 

3-18 

2-22 

5-40 

+ 105 


5 

6-45 

3-19 

2-16 

5-35 

+ MO 

* 

6 

6-45 

3-21 

2-09 

5-30 

+ 1-15 

8 ... .. 

4 

7-45 

3-30 

2-58 

5-88 

4- 1*57 


5 * 

7-45 

3-30 

2-59 

5-89 

+ 1-56 

/ 

6 

7-45 

3-43 

2-59 

6-02 

+ 1-43 


4 

8-53 

3-39 

3-57 

6-96 

+ 1-57 


5 

8-53 

3-28 

3-70 

6-98 

H- 1-55 


0 

8-53 

3-50 

3-63 

7-13 

+ 1*40 
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Table M. 


Showing Phosphorus balances in sheep during digestion/ periods 1-9. 


Period. 

Sheep No. 

P. 

consumed 
per day 

(gm-)- 

P. excreted per day. 

Mean 

daily 

P- 

balance 

(gm.). 

Faeces 

(gm-)- 

Urine 

(gm.). 

Total 

(gm-). 

1. 

4 

0*46 

0-67 

0-005 

0-58 

- 0*12 


5 

0-47 

0-61 

0-004 

0-61 

- 0*14 


6 

0-47 

0-65 

0-004 

0-65 

- 0*18 


4 

0-64 

0-71 

0-004 

0-71 

- 0-07 


5 

0-65 

0-68 

0-004 

0-68 

~ 0-03 


6 

0-65 

0-71 

0-004 

0-71 

- 0-06 


4 

0-72 

0-69 

0-005 

0-70 

+ 0-02 


5 

0-72 

0-69 

0-004 

0-69 

+ 0-03 


6 

0-72 

0-71 

0-004 

0-71 

+ 0-01 

4. 

4 

0-94 

0-70 

0-006 

0-71 

+ 0*23 


5 

0-94 

0-72 

0-004 

0-72 

+ 0-22 


6 

0-94 

0-73 

0-004 

0*73 

+ 0*21 

5. 

4 

0-44 

0-55 

0-004 

0-55 

0*11 


5 

0-45 

0-58 

0-004 

0-58 

- 0-13 


6 

0-45 

0-58 

0-003 

0-58 

- 0-13 

6. 

4 

0-5,3 

0-60 

0-004 

0-60 

- 0-07 


6 

0-54 

0-66 

0-004 

0-65 

- 0-11 


6 

0-54 

0-64 

0-003 

0-64 

- 0-10 

7. 

4 

0-64 

0-64 

0-005 

0-65 

- 0-01 


5 

0-64 

0-66 

0-004 

0-66 

- 0-02 


6 

0-64 

0-66 

0-004 

0-66 

- 0-02 

8. 

4 

0-67 

0-65 

0-005 

0-66 

+ 0-01 


5 

0-67 

0-65 

0-005 

0*66 

+ 0-01 



0-67 

0-67 

0-004 

0-67 

0-00 

9. 

4 

0-70 

0-65 

0 006 

0-66 

+ 0-04 


5 

0-70 

0-65 

0-005 

0*66 

+ 0-04 


6 

0-70 

0-69 

0-004 

0-69 

+ 0-01 
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TaSle N. 

Showing Calcium balances in sheep during digestion periods 1-9. 


Period. 

Sheep 

No. 

Ca. consumed per day. 

Ca. excreted per day. 

Mean 

daily 

Ca. 

balance 

(gm.). 

Food 

(fem-)- 

Water 

(gm-)- 

. Total 
(gm-)- 

Faeces 

(gm-)- 

Urine 

(gm.). 

Total 

(gm-)- 

1.. 

4 

1-90 

0-08 

1-98 

' 

2-46 

0*15 

2-61 

- 0-63 


5 

1-97 

0-08 

205 

2-66 

013 

2-79 

- 0-74 


6 

1-97 

0*07 

204 

267 

0*20 

2-87 

- 0 *83 

2.. 

4 

2-20 

0-09 

2-29 

2-58 

016 

2-74 

- 0-46 


5 

2-21 

0-08 

2-29 

2-62 

010 

2‘72 

~ 0-43 


6 

2-21 

0-08 

2-29 

2*54 

016 

2’70 

- 0-41 

3. 

4 

2-54 

0-09 

2-63 

2-83 

0*21 

3 04 

- 0-41 


5 

2-54 

0*09 

2-63 

2-83 

0-17 

300 

- 0-37 


6 

2-54 

0-08 

2-62 

2-82 

0-20 

3 02 

~ 0-40 

4..:...... 

4 

2-10 

0-09 

2-19 

2-43 

014 

257 

- 0-38 


5 

2-10 

0-08 

2-18 

2*58 

013 

2*71 

~ 0-53 


’6 

210 

008 

2-18 

2-51 

0’17 

2-68 

- 0-50 . 

5..... ... 

4 

2-59 

0-07 

2*66 

2-83 

0*33 

316 

- 0-50 


6 

2-63 

0-07 

2*70 

301 

024 

3*25 

- 0 -55 


6 

2-63 

0-06 

2-69 

303 

029 

3-32 

- 0-63 

6. 

4 

2-33 

0-08 

2-41 

2-56 

0-21 

2*77 

- 0-36 


5 

2-36 

007 

2-43 

2-78 

0*15 

2-93 

- 0-50 


6 

2-36 

0*06 

2-42 

2-71 

0-22 

2-93 

- 0-51 

7.... 

4 

2-83 

0-08 

2*91 

304 

0*33 

3-37 

- 0-46 


5 

2-83 

0-07 

2-90 

306 

0-24 

3-30 

- 0-40 


6 

2-83 

0-07 

2-90 

303 

0-32 

3-35 

- 0-45 

8 ... . 

4 

2-69 

0-08 

2-77 

2-89 

0-35 

3*24 

- 0-47 


6 

2-69 

0-07 

2-76 

2-89 

0*23 

312 

- 0-36 


6 

2-69 

0-07 

2-76 

1 

2-88 

0-31 

3-19 

- 0-43 

9.... 

■ 4 ' 

2-69 

0-07 

2-76 

2-75 

0*26 

300 

- 0*24 


. 5 

2-69 

0-07 

2-76 

2-77 

0-19 

2-96 

- 0-20 


6 

2-69 

0-06 

2-75 

2-83 

0-24 

307 

- 0*32 
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Section VI. 


Toxicology. 
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Onderstepoort Journal of Veterinary Science and Animal 
Industry^ Volume 11, Number 1, July, 1938. 

Printed in the Union of South Africa by the 
Government Printer, Pretoria. 


The Toxicity of some Dipping Fluids contain¬ 
ing Arsenic and Sulphur. 


By DOUW (j. STEYN, Section of Pharmacology and Toxicology, 
and P. M. BEKKEli, Section of Chemical Pathology, Onder- 
stepooit. 


I. ARSENICAL DIPPING FLUIDS, 

Arsenical dipping fluids are very extensively used in the Union of 
South Africa in the eradication of ticks, lice and scab mites. 
The occurreiK^e of so many cases of accidental arsenit^al poisoning 
in stock is therefore not surprising. In view of all the cases of 
accidental poisoning with dipping fluids the information supplied 
in this paper will he of interest. 

A. Sodium Arsenite. 

The following solutions of sodium arsenite are employed on a 
very large scale as dijiping fluids for cattle and sheep: — 

{a) Three-day dipping fluid containing 0 08 gm. of AsaOg 
per 100 c.c. Of this fluid approximately 1,200 to 2,500 
c.c, (=+2 to ±4 pints) would be fatal for a full-grown 
beast and 300-000 c.c. (=±J to ±1 pint) for a sheep. 

(b) Seven-day dipping fluid containing 0-16 gm. of As^Og 
per 100 c.c. Of this fluid a fatal quantity for a full- 
grown beast would be approximately 000 to 1,250 c.c. 
(=±1 to 2 pints) and for a sheep 150 to 300 c.c. 
(= +1 to A pint). 

(c) Fourteen-day dipping fluid containing 0*24 gm. of 

AsaOg per 100 c.c. Of this fluid approximately 400 to 
800 c.c. ( = 1 to 1^ pint) would be fatal for a full-grown 
beast and 100 to 200 c.c. (~ ±i to ^ pint) for a sheep. 

B. Cooper’s Powder. 

Cooper and Ifei)hews (South Africa), Limited, are the manufac¬ 
turers of (a) Cooper’s Double Dipping Powder and (b) Cooper’s 
Powder. 
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(a) Cooper^s Double Dipping Powder. 

The following is the registered composition of Cooper’s Double 
Dipping Powder: — 


Total arsenic equivalent 
Free sulphur 
Combined sulphur 
Total sulphur 


to 9'4 per cent. AsaOg. 
57'5 per cent. 

0 1 per cent. 

63-6 per cent. 


Table I. 


Experiments with CoopePs Double Dipping Powder. 


Rabbit 

No. 

Weight 

mKg. 

Quantity of 
Cooper’s Double 
Dipping Powder 
given. 

Result. 

A. 

30 , 

0 • 2 gm. of dry 
powder per os, 

Transient apathy and loss of appetite which lasted 
for about 2 days. 

B. 

1-9 

0*5 gm. of dry 
powder per os. 

Listlessness and loss of appetite set in within four 
hours after dosing ; on the following day there 
were pronounced apathy, profuse diarrhoea, mar¬ 
ked paresis, especially of hindquarters, laboured 
respiration, and weak and accelerated pulse. Death 
occurred within 36 hours after dosing. 

P.M. appearames : General cyanosis ; hyperaemia 
of lungs ; pronounced acute catarrhal gastroen¬ 
teritis ; fatty degeneration of the liver and kid¬ 
neys. 

C. 

2-8 

0-5 gm. of dry 
powder per os. 

Symptoms and post mortem appearances similar to 
those described in B. Death occurred seven days 
after dosing. 

D. 

2-26 

10 gm. of dry 
powder per os. 

Symptoms of poisoning as described above set in 
within three hours after dosing. Death occurred 
8 hours after dosing. 

E. 

21 

’ 1-5 gm. of dry 
powder per os. 

Profuse diarrhoea within 5 hrs. after dosing ; the 
animal died 6 hours after dosing. 

P.M. appearances : pronounced acute haemorr¬ 
hagic gastroenteritis, pronounced hyperaemia of 
lungs and liver ; further as in B. 

F. 

. 

2-22 

2 • 5 gm. of dry 
powder per os. 

Profuse diarrhoea within 4 hrs., death occurring 
within 6 hrs. 

P.M. appearances : as in E. 

G. 

2-22 

15 c.c. (= 0*2 
gm.) of dipping 
strength solution 
per stomach tube. 

Result as in A. 
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Table I (continued). 


Rabbit 

No. 

Weight 
in Kg. 

Quantity of 
Cooper’s 
Dipping Powder 
given. 

Result. 

H. 

215 

37-5 C.C. (= 0-5 
gm.) of 

dipping-strength 
solution per 
stomach tube. 

Result as in B. 

I. 

205 

37-5 c.o. (= 0-5 
gm.) of 

dipping-strength 
solution per 
stomach tube. 

Symptoms and post mortem appearances as in B., 
Death occurred within 70 hours after dosing. 

J. 

205 

75 0 c.c. 

(= 1-0 gm.) of 
dipping-strength 
solution per 
stomach tube. 

Died 4i hours after dosing. Symptoms and po^ 
mortem appearances as in E. 

K. 

2-36 

75 >0 c.c. 

(= 1 *0 gm.) of 
dipping-strength 
solution per 
stomach tube. 

Died 6 hours after dosing. Symptoms and post 
mortem appearances as in F. 

L. 

2-82 

112-0 c.c. 

(=1-5 gm.) of 
dipping-strength 
solution per 
stomach tube. 

Profuse diarrhoea within 3 hours after dosing and 
death within 4 hours. Symptoms and post mor¬ 
tem appearances as in E with the gastroenteritis 
of a less acute nature. 


From the above table it could be concluded that U*15 gm. of 
Cooper’s Double Dii)ping Powder per Kg. of body weight constitutes 
the m.l.d. for the rabbit. As the powder is stated to contain 9*4 
per cent, of AS 2 O 3 the rn.l.d, of the arsenic (expressed as AS 2 O 3 ) 
present in it is approximately 0 014 gin. per Kg. of body-weight for 
rabbits. 


( 6 ) Cooper^s Dip. - 

The registered composition of Coope^r’s Dip is as follows: — 
“ Arsenic present as trioxide = 12-5 per cent. AsjOg, arsenic present 
as pentoxide = 6 0 per cent. AS 2 O 3 , arsenic present as sulphides and 
sulphur - arsenic complexes^4/0 per cent. AS 2 O 3 . Sodium com¬ 
bined with arsenic = 4-9 per cent. KagO. Total sulphur = 68 0 per 
cent.”. 

The Cooper’s Powder was administered per stomach tube in a 
small quantity of water. 
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Table II. 

ExperiWient with Cooper\^ Powder, 


Rabbit 

No. 

Weight 
in Kg. 

) 

Quantity of 
Cooper’s Dip 
administered. 

Result. 

A. 

M5 

1 

0-075 gm. 

The animal developed transient loss of appetite and 
diarrhoea lasting approximately four days. 

B. 

1-75 

0-075 gm. 

Same symptoms* as in A but to a less marked degree. 

C. 

1-7 

0-15 gm. 

Died within 2J hours after dosing. 

D. 

1*65 

0-,15 gm. 

Died within 36 hours after dosing. 

E. 

2-05 

0-.3 gm. 

Died within 27 hours after dosing. 

F. 

19 

0-3 gm. 

Died within 28 hours after dosing. 

G. 

1-6 

0-5 gm. 

Died within 5 hours after dosing. 

H. 

1-8 

0-5 gm. 

Died within 15 hours after dosing. 


* The symptoms are similar to those described in Table I. 


From the above table it is evident that O'OG gm. of Cooper’s 
Powder (=±0*014 gm. AS 2 O 3 ) could be considered the approximate 
m.Ld, per Kg. body-weight of rabbit. 

From the results of the above experiments it appears that 
Cooper’s Powder given per os is approximately two and a half times 
as toxic as Cooper’s l)ouble Dipping Powder. This naturally does 
not apply to cases where animals are dipped in solutions prepared 
with these two powders. 

According to experiments conducted by Theiler (1912) the ni.Ld. 
of Cooper’s Dip for sheep appears to be approximately 2*0 gm. 

From the results of a large number of experiments conducted 
upon rabbits by one of us (D. G. vS.) with difierent arsenical pre¬ 
parations (sodium arsenite, Cooper’s Dip, Cooper’s Double Dipping 
Powder, Rademeyer’s Locust Poison) it appears that they all possess 
approximately, the same degree of toxicity when the toxic doses are 
calculated on the bases of their A 83 O 3 content, namely 0*014 gm. 
A 82 O 3 per Kg. body-weight for rabbits. 

Sheep, cattle and horses are more susceptible than rabbits to 
the eifects of arsenic. 

It is obviously impossible to lay down a definite figure as m.l.d. 
of an arsenical preparation for any particular class of animal as its 
degree of toxicity depends upon: — 

(1) Its degree of solubility in water; 

( 2 ) whether water is drunk soon after having ingested it, or 
not: 

(3) whether taken on a full stomach, or not; and 

(4) whether vomiting occurs after ingestion, or not. 
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II. SULPHUR DIPS. 

Capex. 

This is ft liquid lime-sulphur dip, consisting of polysulphides 
of calcium [generally CaSx(X 4*6) ], manufactured by Messrs. 
Cape Explosives, Somerset West, C.P. The specimen of undiluted 
dipping-fluid employed in our experiments contained 34*47 per cent, 
of poly sulphide sulphur and the diluted dip (dipping-strength) con¬ 
tained 1*5 per cent, of polysulphide sulphur. 

Capex is very extensively used in the eradication of scab in 
sheep and mange in goats. 

The following table (III) is a summary of the drenching experi¬ 
ments conducted with Capex upon rabbits and sheep. 


Table III. 

Experiments with undiluted and diluted (dipping-srtenpth)* Capeiv. 


Animal 

No. 

Weight 
in Kg. 

Quantity of 
Capex 

administered 
per stomach 
tube. 

Result. 

Rabbit 

A. 

195 

2*5 c.c. of 
undiluted Cajjex 
on 16.6.37. 

Laboured respiration (costo-abdominal), loss of appe¬ 
tite, and an accelerated and strong pulse persisted 
for 2 days after drenching. 

Rabbit 

B. 

2-6 

5*0 c.c. of 
undiluted Capex 
on 16.6.37. 

The following symptoms of poisoning set in within 7 
minutes after drenching :—pronounced laboured 
respiration (deep, costo-abdominal and accelerated), 
pronounced restlessness, pronounced general cyan¬ 
osis, general convulsions, muscular fibrilations. 
Death occurred 7 minutes after drenching, the 
heart stopping about 2 mins, after cessation of 
respiration. After the heart had stopped the 
animal still showed a few general clonic spasms 
(asphyxia ?). 

P.if, appearances : Pronounced general cyanosis ; 
pronounced hyperaemia of the lungs and liver, 
which was almost black in colour, blood dirty- 
brown in colour, large amount of sulphur precipi¬ 
tated in the stomach and small intestine. No 
evidence of gastro-intestinal irritation. 

Rabbit 

C. 

2-25 

10 c.e. of 
undiluted 
Capex on 
16.6.37. 

The animal died within 3 mpiutes after drenching 
with symptoms and post inOrtem appearances as 
described in rabbit B. 

Rabbit 

D. 

21 

30 c.c. of 
undiluted 
Capex on 

16.6.37. 

Death occurred within 2 minutes with symptoins 
and post mortem appearances as described in 
rabbit B. 

Rabbit 

E. 

1-95 

60 c.c. of 
undiluted 
Capex on 
16.6.37. 

Result identical with that described in rabbit D. 
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Table III {continued). 


Animal 

No. 

Weight 
in Kg. 

Quantity of 
Capex 

administered 
per stomach 
tube. 

Result. 

Rabbit 

F. 

2-66 

10 c.c. of 
diluted Capex. 

Apart from transient loss of appetite the animal 
developed no symptoms of ill-health. 

Rabbit 

G. 

2-2 

30 c.c. of 
diluted Capex. 

Symptoms of pronounced dyspnoea and accelerated 
heart-beat set in within a few minutes and death 
occurred within i-hour after dosing with symptoms 
and post mortem appearances as in B. 

Rabbit 

H. 

2-36 

60 c.c. of 
diluted Capex. 

Death occurred within 4 hours after drenching with 
symptoms and post mortem appearances as des¬ 
cribed in rabbit B. 

Rabbit 

I. 

2-6 

120 c.c. of 
diluted Capex. 

Result similar to that in rabbit H, death occurring 
within 8 minutes. 

Sheep 

49206. 

6 -tooth 
60 kg. 

1,000 c.c. of 
diluted Capex. 

Symptoms of pronounced dyspnoea set in within 4 
minutes ; a few minutes later the animal staggered 
about as if intoxicated ; pronounced acceleration 
of heart action ; about 6 hours after drenching 
the animal showed considerable improvement, 
there being only slight laboured respiration and 
apathy; when chased it soon became exhausted. 
In spite of this improvement the animal died 
during the night about 18 hours after drenching. 
P.M. appearances : Pronounced odour of sulphu¬ 
retted hydrogen from the nostrils ; pronounced 
general cyanosis .; blood of a fairly dirty-brown 
colour; subepicardial, subendocardial and intra- 
myocardial haemorrhages; pronounced hyper- 
aemia and slight oedema of the lungs ; extensive 
haemorrhage into the subperitoneal, peritracheal 
and perioesophageal tissues and into the inter¬ 
costal muscles ; pronounced fatty degeneration of 
the liver ; gastrointestinal contents dark in colour 
and contains a large amount of precipitated sul¬ 
phur ; haemorrhages in duodenal mucosa. 

Sheep 

37511. 

Full- 
mouth. 
61 Kg. 

3,000 c.c. of 
diluted Capex. 

Very pronounced dyspnoea within 2 minutes ; the 
animal staggered and fell down and was uncon¬ 
scious within twenty minutes after drenching ; 
there were cyanosis and tremors of the superficial 
muscles of the body ; respiration was accelerated 
and superficial; the heart beat was weak and slow 
(70 p.m.), eventually it became very irregular 
and stopped 25 minutes after drenching. The 
respiration ceased about 2 minutes before the 
heart-beat. 

P.M. appearances : Pronounced general cyanosis ; 
blood of an intense dirty-brown colour with delayed 
coagulation time; numerous subepicardial hae-. 
morrhages ; hyperamia of the liver and lungs ; 
dilation of both heart ventricles ; large quantity 
of sulphur precipitated in the rumen, reticulum 
and small intestine with pronounced odour of ; 

hyperaemia of abomasal mucosa of duodenum, , 
jejunum and anterior portion of the ileum, with 
petechia^; hyperaemia of caecal mucosa. 


* Containing I • 5 per cent, of polysulphide sulphur. 
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It thus appears that the of the undiluted dipping-fluid 

for the rabbit is approximately 1*5 c.c. per Kg. of body-weight. Of 
the diluted fluid (dipping-strength) the m.l.d. for rabbits is approxi¬ 
mately 7*5 c.c. per Kg. of body-w^eight and approximately 800 to 
1,000 c.c. for a fiill-growui sheep weighing approximately 40 to 
50 Kg. 

If drawn into the lung^ (choking) sulphur dipping-fluids are 
‘extremely poisonous. 

According to comparative tests conducted upon rabbits it 
appeared that the following sulphur dipping-fluids (dipping-strength 
concentrations) possess the same degree of toxicity as the Capex 
Lime Sulphur Dip: — 

(1) Tarzan Lime Sulphur Dip manufactured by Cape 
Chemical Company, Limited, Capetown. Thiosulphate 
(+ tetrathionate) =0*17 per cent. [CaSx(X = 4-39)]. It 
contains f35*46 per cent, of polysulphide sulphur; and 

(2) Nelson's Sodium Polysulphide Dip* |"Na 2 Sx(X = 4*27)], 
It contains 46*91 per cent, of polysulphide sulphur. In 
all three these dipping-fluids (dipping-strength concen¬ 
tration) the percentage of polysulphide sulphur is 1*5. 


Table IV. 


Sulphur Dete/nnlnaMoiis made upon the Blood of Sheep 
37511 aud 49206. 


Sheep 

No. 

Date of Bleeding. 

Total sulphur in mg. 
per 100 c.c. blood. 

37511 

25.6.37 

29.6.37—(a) before dosing. 

(5) 10-15 mins, after dosing 3 litres 
of Capex Lime Sulphur Dip.f. 
(c) Heart-blood collected ^ \\ 

hours after death.. 

83-77^ done in duplicate 

67-.30'^ 

75-54 

98-88 

49206 

25-6-37. 

95-45 


29.6.37— {a) before dosing. 

63-87 


(6) 20 mins, after dosing 1 litre of 

65-24 


Capex Lime Sulphur Dipt- 

h 


(c) Death occurred during the fol¬ 

93-40 


lowing night and heart blood 



was collected the following 



morning. 



t Analysis of Capex Lime Sulphur Dip used in dosing the sheep :—(1) 1-5 per cent, 
of polysulphide sulphur ; (2) 0-24 per cent, of thiosulphate (including tetrathionate sulphur). 


* All the figures quoted here are those obtained with the specimens 
employed in our experiments. 
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The two sheep were bled on the 25.6.37 and again a few hours 
before dosing on 29.6.37 in order to determine the normal value for 
total sulphur in the blood. From the above table it is evident that 
the values obtained on the 25.6.37 were much higher than those of 
the 29.6.37 prior tq dosing. The values for both sheep, however, 
showed an agreement on the same day, namely 85-15 and 95 45 on 
the 25.6.37 and 67*30 and 63*87 mg. sulphur per 100 c.c, blood on 
the 29.6.37 respectively. All the determinations were made in the 
same manner using the method of Stockholm and Koch {Jour, Amer, 
Chem. Soc\, Vol. 45, 1923, p. 1953). Equal quantities of the same 
reagents were used in every case and in addition duplicate blank 
determinations, w^hich dilfered only in the fourth decimal place, 
were made. 

, It will be noticed that in the case of both sheep there was a 
pronounced increase in the sulphur values of the specimens of blood 
collected a few minutes before dosing and those collected after 
dosing. There was, however, not such a marked difference in these 
values of specimens of blood collected a few days before dosing and 
those collected after death. It is also evident that the blood sulphur 
values increased at a more rapid rate in the sheep which had 
received thte larger dose of Capex. It is fully realised that the 
number of sheep in the experiment and the number of determina¬ 
tions made upon the blood sulphur are very limited and that it 
would be futile to attempt to draw any definite conclusions. 

We did expect to find a fairly pronounced sulphaemoglo- 
binaemia. Spectroscopic examination of the blood of the sheep 
however did not reveal it. This does not necessarily mean that no 
sulphaemoglobin was present as it may have been present in in de¬ 
tectable quantities. Experiments in vitro yielded interesting 
results. Normal blood, which showed the haemoglobin bands 
spectroscopically, showed the broad band of reduced haemoglobin 
after addition of a small quantity of Capex Lime Sulphur Dip. 
Upon shaking this mixture up with air the oxy-haemoglobin bands 
reappeared and after standing for a while the oxy-haemoglobin was 
again reduced by the sulphur dip. If a small quantity of Capex dip 
was added to normal blood and left standing for a while both the 
sulphaemoglobin band and the broad band of reduced haemoglobin 
could be clearly seen. 


SUMMARY. 

1 . Experiments to determine the toxic doses of some dipping- 
fluids containing arsenic and sulphur are described. 

2. It appears that in all the more common forms of arsenical 

preparations, which are soluble in water, the w.Ld, for rabbits can 
be calculated on the basis of approximately 0*014 gm. of AsgOg per 
Kg. of body-weight. Sheep, cattle and horses are more susceptible 
than rabbits to arsenic. — 
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f3. The ni.l.d. of diluted (dipping-stren^-th concentration) Capex 
Lime Sulphur Dip for rabbits is approximately 7 5 c.c. per Kg. of 
body-weight and for sheep approximately 15 to 20 c.c. per Kg. of 
body-weight. 

4. In dipping-strength concentration Tarzan Lime Sulphur Dip 
and Nelson’s Sodium Polysulphide Dip possess approximately the 
same degree of toxicity as Capex Lime Sulphur Dip. 
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IMMI NIZATION AGAINST HINDERPEST. 


I. Introduction. 

In little more than two years rinderpest reduced the cattle 
population of the Cape of (lood Hope by 35 per cent. In the 
eighteenth century the disease killed over thirty million cattle in 
Germany alone, and not until towards the close of the nineteenth 
(ieiitiiry was it eradicated from the greater part of Europe, where for 
hundreds of years it had been the most serious plague of animals. 
In many parts of the world segregation of the healthy and slaughter 
of the sick, which had proved successful in Europe, is not practicable, 
and in Burma and India, and ])resumably also in many other trojiical 
countries, rinderpest remains the most important disease of cattle. 

During the last forty-five years immunization against rinderpest 
has claimed the attention of numerous workers and has been the 
subject of many publications. The object of this paper is to describe 
a dried vaccine which is cheap, safe and effective, and which in the 
past two years has been successfully used on over three quarters of 
a million cattle. 


II. Immunization against lliNDERPEsr. 

{a) Early aite nipts irith Virvs, 

From about 1754, attempts to protect cattle were made by insert¬ 
ing under theii* skin, material soaked in the nasal and ocular dis¬ 
charges of diseased animals. With fairly resistant cattle this method 
attained a certain measure of success, but in most parts of Europe 
it caused heavy losses. In 1872 the International Veterinary 
Conference considered that rinderpest should be dealt with by segre¬ 
gation and slaughter, and that immunization should not be attempted, 
thus indicating that little piogress had been made in control methods 
since ,A.D. 69 when Columella, in describing a disease which 
appeared to be rinderpest, recommended the segregation of sick 
animals. 


(b) The zi,se of Bile. 

The spread of the disease to Southern Africa in the nineties of 
the last Qehtury attracted many workers, and from that time dates 
the inteaiive study of the problem of immunization against 
rinderpest. 

In the South African outbreak Koch (1897) and others [Edington 
(1899) Kolle and Turner (1898), Kohlstock (1897), and Theiler (1897)] 
confirmed the claims made by cattle owners for the protective value 
of the bile of infected animals. The value of bile was influenced by 
the stage at which it was collected, the blood content, and the tempe¬ 
rature and delays to which it was exposed before use. The effective¬ 
ness of bile was limited to two days and Theiler considered the 
immunity it conferred did not last, more than three months. Bile 
contained both antibodies and virus and by adding glycerine 
Edington (1899) probably killed the virus, thus converting the bile 
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method into passive immunization lasting* only about ten days. 
Kohlstoek (1897) recommended virulent blood about a fortnight after 
the bilo. Bile was extensively used during the South African 
epidemic but towards the end was replaced by the serum alone and 
the serum-virus methods. Neveitheless, in Ueceml)er 1908 the first 
Pan-African Veterinary Conference resolved that failing an adequate 
supply of serum, pure bile should be used for stani])ing out outbreaks 
of rinderpest (Curson 1936). 


(c) rhe vse of Scrum. 

The protective value of serum from recovered animals had t)een 
noted by Sernmer (1893). 3^his was later confirmed by Koch (1897), 
Theiler, and others^ and from that time unlil recently the ])roduction 
of immune and hyperimmune serum has lieen studied by many, and 
numerous publications have appeared on the subject llyjierimmuni- 
zation and other means of obtaining potent serum were ado])ted in 
nearly all countries. Some w^orkers, however, maintained that the 
serum of recovered animals was as good as that supplied by hyj)er- 
immunized animals. Kdwards (1925 and 1927c) affirmed that for 
the j)roducti()n of ])otent serum hyporimmunization was unnecessary 
and in India this piocess as finally abandoned in 1924. He showed 
that susceptible buffaloes given virus and simultaneously sufficient 
serum to suppress reaction developed a solid immunity l)ut their 
serum had negligible jirotective ])roperties. If the quantity of seiiim 
was sufficiently reduced to allow the animal to develop a mild but 
decided reaction, including a i:)j*onounced temperature reaction, the 
antibody content of the blood rose shar])ly on the 18th day, was 
sustained until the 3()th day, and then gradually dr()pi)ed until the 
60th to the 90th day. No mattej' how seveie the clinical reaction, 
the antibody content of the blood was not incit^ased. I'ollowing the 
work of Madsen (1923) in Coj'enhagen, lid wards injected intra¬ 
venously the chlorides of mangaiiv^se, zinc, magnesium, barium, and 
copper, and pilocarpine and found that “ the salting 2 hours before 
bleeding of the serum ])ioducers wlom they aie still \'ielding a good 
serum seems to cause them to furnish a somewhat better seium ; later 
when they are yielding a ])oor seruiii the sailing does nol increase 
materially the quality of the serum.’’ 

Serum protects for little more than It) days and the cost of 
conferring^ this transient immunity should restrict its use to aieas 
where the disease is not endemic and where cattle movements are 
under control, or for immunizing cattle j)assing through an infected 
area. Bederke (1931) reports it little used bei ause of bad results 
and Delpy (1935a) rightly says that it is bA) ex])ensive and the 
immunity conferred too transient. Nevertheless in Syria serum 
alone is said to be su])erior to serum-virus and to vaccine (Said 1934). 
There is still a considerable demand for seraim, either alone or in 
combination with virus or vaccine. In the Punjab, for instance, in 
1936-37 it was given to 58,917 animals either alone or with goat 
virus (Quirke 1937); and in Kenya in 1934 to 99,245 animals 
either alone or with virus (Brassey-Edwards 1936). The number of 
doses of serum issued from Muktesar during the vear ending 31st 
March, 1937, was 1,227,628 (Taylor 1938). 
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{(1) The Serum-virus Method. 

The earliest iornis of the f^erum-viius method ax)pear to be those 
of Edington (1899) who gave glyeerinated bile followed by blood 
virus, and Kohlstocdi (1897) who leeonimended virulent blood 2 weeks 
after bile. Before the end of the South African ejiidemic this was 
rei)laced by the serum and virulent blood method, and in 1898 Kolle 
and Turner recommended seriim-viius simultaneously as the best 
method for the control of the disease. Much of the work after this 
related to increasing the antibody (‘ontent of the serum, and has bten 
briefly refened to in connection with the serum alone method. 

The disadvantages of the serum-virus method are: — 

1. the limited viability of the virus, 

2. the spread of the disease by starting new centres of 

infection, 

3. the losses due to jirotozoa injected with the virus, and 

4. the high cost of serum. 

Many workers have remarked on the limited viability of the 
virus. Hall ■ (1933) considered that in blood the virus remained 
effective for only four hours, and Walker (1921) showed that although 
the virus after withdrawal from the animal could give rise to a 
reaction it did not necessarily (u)nfer immunity. In 1929 he 
recommended that virulent blood sliould not be used later than four 
hours after withdrawal from the virus producer. T'o overcome this 
disadvantage several pio(‘edures were tried. One was to obtain the 
virus from infected animals in the herd to be immunized. Another 
was to infe(‘t susceptible cattle or goats and despatrdi them to the 
scene of inoculation by train or lorry. IBood was sent out on ice, 
but even then it was not alwuxys satisfactory w^hen used wdthin 24 
hours (Walker 1929). Edwards (1927a), seeking to overcome the 
disadvantage of limited viability by the application of the work of 
Kligler and Robertson (1922) on the spirochaete of relapsing fever, 
found that in Irlood diluted with an e(|ual quantity of diluted horse 
serum (1:2) and kept in tubes sealed with paraflin w^ax the vims 
retained its i)otency for 10 days at 37® C. He, therefore, despatched 
the virus in bottles nearly filled with defibrinated blood ancl sealed 
wdth plugs of cotton wool soaked in paraffin wax. Thus })acked the 
virus remained active for 8 days. Edw^ards remarks that the 
original richness of the injected blood in virus is, how^ever, a factor 
of considei'able imj)ortanf‘e and sometimes the period of survival for 
this reasoif is likely to prove disai)pointing.” Although it is not clear 
how^ the quantity of the virus influences the keeping quality, it 
appears froni'this remark that even under these conditions of despatch 
the virus did not always survive for 8 days. 

The serum-virus method may set up new^ centres of infection by 
killing or causing severe reactions in inoculated animals and Cooper 
(1931b) showed that even cattle having a ‘‘ blocked-out ” reaction 
are capable of transmitting infection. Walker (1929) considered 
that cattle failing to react may contract rinderpest from reacting 
cawe. Since Edwards has showui that, provided active virus is used, 
non-reactors are immunized, failure to protect susceptible cattle must 
he due to the use of inactive virus. — 
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In some (iouiitries tiie losses caused l)y protozoa injected with 
the virus at times reached 20 pei* cent. Daubney (1928) mentioned 
the loss of 50 per cent, from Babesidae in 18 cattle whose resistance 
to this parasite had been greatly reduced by short interval di})ping‘. 
In India the serum-virus method is apt to cause a flare up of latent 
])rotozoa. 

Althoug’h von Ostertag (1910) considered that in countries where 
protozoal diseases are endemic- the cattle inoculated would be immune 
to those diseases and therefore the danger of spreading them could 
be disregarded, nearly all workers using the serum-virus method have 
found it advisable either to kill the protozoa in the virus or when 
necessary to treat animals after iJioculation. Where large numbers 
of animals are dealt with, the disadvantages of ])ost-inje(*tion treat¬ 
ment are obvious. Tryi)anosomes in the l)lood may ])e destroyed by 
tartar emetic ((kirmichael I92()), but it has been pointed out that this 
destroys 1. virax l)iit not 7\ ('onfjoleiise. Trypan ])lue is used to 
destroy Babesidae but instead of adding the drug to the blood after 
withdrawal it may be injected intravenously to the virus doner the 
(h»y before bleeding (Conti 1955). Even though the virus is freed 
Irom contaminants ii is apt to cause a flare u}) of latent inferdions 
and for this reason the serum-virus method remains one requiring 
observation and treatment of inocailated cattle. 

To exclude protozoan contaminants, virus ])roduction in other 
animals was investigated. That sheep were snsce])tible was rioted by 
Galainbos in 18()1 and later b^' Kocli (1897), Bogers (1900) and 
Nicolle and Adil Hey (1902). Cse was made of sheep by von Ostertag* 
(1910) and Walker* and Br’adshaw (1925) who observed that they 
were not susceptible to the pii’oplasmoses of cattle. 

Edwards in India successfully used goats to cleanse the Irlood 
of ]U‘ot()Zoa, with what far i-eaching results will be detailed later. 
Haddow, to overcome the rapid inactivation of the virus in blood, 
sent it out in the form of spleen pulp. In other countries goats have 
been tried with disappointing results (Kearney 1930). 

The evidence on the duration of the immunity conferred by the 
ser*um-vir*us method is somewhat contradictory. Some regard it as 
life long, but Daubney (1930) is probably rrearest the truth when he 
says that irr animals guarded against all risks of reinfection the 
immunity bigins to decline two to throe years after the serurn-Anrus 
inoculation, and that long immunity is due to symirtornless lein- 
fection. 

Baneiji (1933) and D’C’osta and Balwant Singh (1933b) have 
shown thai cattle virus and serum confers a longer* immunity than 
goat virus and serum. 

In Turkey the serum-virus method has been displaced by vaccine. 
Tahsin and Richter (1934) and Delpy (1935a) hold that it is too 
expensive and the losses caused by it too heavy. Nevertheless many 
still consider the serum-virus method to be the best. That it is still 
widely used even in countries where vactine has Ireen employed, is 
showm by the fact that of 173,881 animals immunized in Kenya in 
1934, 98,373 received serum-virus (Brassey-Edwards 1936). 
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(e) Vaccines prepared from Killed or Attenuated Virus, 

To overcome the disadvantages inherent in the serum-virus 
methoil of immunization, a vast amount of work has been done on 
the production of a vaccine from the virus killed or attenuated hy 
exposure to chemicals, such as glycerine, formalin, phenol, toluol, 
and chloroform, either alone or in combination, one chemical being 
used to attenuate or kill the virus and the second added to preserve 
the vaccine. 

The virus in the blood proving unsatisfactory for the preparation 
of a vaccine, various organs were examined, and as in the earlier 
work somewhat large doses of vaccine were found necessary, the 
practice was to incoiporate in the vai^cine as many organs as possible, 
mainly with the idea of increasing the bulk and hence the number of 
doses from each animal, (xradually the tendency grew to exclude 
the liver and other organs of low antigenic value and those liable 
to contamination, such as the mesenteric lymph glands, so that to-day 
many favour using only spleen. The aim of the research worker has 
been to prepare easily and quickly at low cost, a vaccine which would 
not transmit rinderpest or other infections nor cause undue local 
reaidioii, yet would immunize rapidly and for a long time and retain 
its immunizing properties when exposed to external temperature. 
After briefly reviewing the earlier work, the vaccines more commonly 
used to-day will be summarised in the light of these desiderata. 

The satisfactory results with heated blood recorded by 
Gordziaklowski (1921) were not confirmed. Daubney (192(S), Heaton 
(19'U) and Hall (1933) failed to immunize with blood. 

Some of the earliest work on the preparation of a vaccine was 
that of Kakizaki (1918) and his co-workers, who attenuated the virus 
with glycerine and added toluol and other preservatives. The excep¬ 
tionally good results reported were queried by some investigators,- 
but were later in part confirmed by Bennett (]93()), who pointed out 
that Kakizaki used glycerine-water, whereas others had api)arently 
used glycerine-saline. 

In 1917 Boyntoil detailed the progress of his work, and in 1928 
described the preparation of the vaccine finally evolved. He heated 
for three hours at 44® C. the minced lymph glands, spleen, liver, 
heart, kidneys and testicles to which had been added one-third of the 
weight of glycerine containing 0*5 per cent, phenol. Ageing or 
attenuation of .the vaccine was effected by storage in the refrigerator 
for from oii^ to six months. As the immunizing properties of the 
vaccine, which had to be determined, were lost soon after it was 
sufficiently attenuated, the material had to be used soon after the 
vaccine stage' had been attained, and because of the poor keeping 
qualities no surplus stock could be kex)t on hand for use in an 
emergency. Some of the organs, notably the liver, w^ere added 
simply to make up bulk and not for their antigenic properties. 
Boynton considered that the potency of the vaccine could be varied 
by the time and temperature at which it was stored. By killing the 
virqs with chloroform, Kelser (1927) and Kelser et al. (1927) sought 
to Overcome the drawback of having to attenuate the vaccine by 
storage and subsequently having to test it at intervals for attenuation 
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and potency. Allowing* for the i)re])aration of the pulp, and the 
storage to overcjome the irritant eifects of chloroform on subcutaneous 
injection, Kelser’s vaccine was ready for use after three days. The 
s])leen, liver, kidneys, testicles and various lymphatic glands were 
used. The dose given was three injections of roughly ten grams at 
weekly intervals. Rodier (1928) further altered the vaccine by 
using only spleen, lymph glands and tonsils, and giving only one 
injection. Kelser considered that cattle could be i)rotected by a 
single dose of his vaccine, but that the more susceptible buHaloes 
required three or more injections; while Hodier, according to 
Kelser, showed that a single dose of vaccine prepared from lymph 
glands alone immunized bulfaloes, and because of iheir greater 
suscej)tibility these animals were given half the dose necessary for 
( attle. This seems to indicate that Rodier was using an attenuated 
and not a dead virus. 

The value of formalin in ihe preparation of rinderpest vaccine 
has been investigated by a number of workers, the earliest of whom 
appear to be Cuiasson and Delpy (192()), and Daubney (1928). 

The work on Foot-and-Mouth Diseuvse ])ublished by Yallee, Carre 
and Rinjard in 1926 induced Curasson and Delpy (1926) to use 
formalin to kill the virus of rindeipest and they produced a vaccine 
by submitting spleen pulp to the action of 1/250 formalin in normal 
saline for 48 hours at room temperature in the dark. 

At the same time Daubney (1928) also influenced by the work 
of Yallee and his (;o-workers and by the reports of Bedson, Maitland 
and Burbury (1927), was investigating the value of formalinized spleen 
as a vaccine against rinderpest, lie carried out extensive investiga¬ 
tions and dealt with various aspects of the subject. His vaccine was 
prepared by mincing in a T^atapie the spleen removed from infected 
animals bled to death under chloroform anaesthesia on the seventh day 
after inoculation with virulent blood. The pulp was mixed with 
Tyrode’s solution (‘ontaining 1/1,500 formalin, and allowed to stand 
for 72 hours at 5^ C, The vaccine w^as given in doses of one gram 
and was said to letaiii its potency for seven days at 5^ C. and for 
five days at room temperature. Daubney remarked that the preserva¬ 
tion of antigenic properties was greatly influenced by the pll value 
of the vaccine. The vaccine was safe but to be effective had to be 
used soon after ])reparati()n. 

Many publications have appeared on the subject of formalinized 
tissue vaccine. Investigators have varied slightly the concentration 
of formalin used and the period and conditions of storage. A solu¬ 
tion of O’Ol per cent, formalin ai)pears to attenuate the virus more 
rapidly than exposure to bodyheat, so that up to 97^ F. the conditions 
of storage do not influence the rate of attenuation. Formalinized 
spleen pulp has been employed in dovses of 1 gram (Daubney 1928); 
8 grams (Hall 1930); and 2() grams (Jacotot 1929). 

To increase the value of formalinized vaccine Prunier (1931) 
added castor oil and Curasson (1931) added ta})ioca. 

Bennett (1936), following on the work of Kakizaki, prepared a 
vaccine by adding double the w^eight of 60 per cent, glycerine-w'ater 
to minced spleens, the spleen being removed from cattle plague 
patients at the height of an acute febrile reaction and storing for 
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three days at 37^ C. or for three months at 0® C. The vaccine 
retained its immunizing properties for one month at 37^ C. and for 
one year at 0^ C., and in doses of one gram spleen pulp per 100 
kilograms was claimed to immunize for about eight months, the 
immunity being developed within three days. The temperature of 
storage is important, as it is the temperature and not the glycerine 
which is said to attenuate the virus. 

Boynton (1928) stressed the deleterious effect of impure 
glycerine, IJaubney (1928) noted the deterioration of formalin by 
polymerization, and Walker (1929), who remarked on the variability 
of the antigenic, value of spleens, advised that for vaccine preparation 
several spleens should be pooled and tested for potency before use. 

Dried vaccines .—Andrievsky (1931) immunized cattle with a 
vaccine prepared from dried spleen and glands emulsified in formalin- 
saline. Curasson (1931) dried the tissues in vacuo over sulphuric 
acid and after storing at room temperature tor a month the material 
was used in doses of 2, 4, 0 and 8 grams. Jacotot (1931) used dried 
s])leen stored for a month at room temi)erature, and tliis in doses of 
one gram, without the addition of antiseptic, gave immunity in one 
month. Robles and Greneroso (1930), working in the Philippine 
Islands, prejnired a dried rinderpest vaccine from the pulp of spleen, 
lymi)h glands' and tonsils })y storing at 0® to 8^ C. in a desic*cator 
over calcium chloride. After 3 to 5 weeks drying it was used as a 
vaccine in doses of 1 gram. The method of washing and mincing 
was somewhat lengthy and tedious and the vaccine took at least three 
weeks to pre])are. After 84 to 91 days in the ice chest it conferred 
only a very low degree of immunity, and became avirulent in less than 
seven days at room temperature. They say it is “ impractical to 
send vaccine in fragment form to the held, since its preparation for 
use would necessarily be done under adverse held conditions involving 
too great a danger of contamination 

In a second article (1931) the same workers record further pro¬ 
gress and state that delay in drying seems to destroy potency. They 
claim that powdered rinderpest vaccine kept in the ice chest for 275 
days suffered no loss in potency and that 30 days at room temperature 
did not destroy its immunizing powers, but that delayed drying 
appeared to be harmful to the immunizing value of the vaccine. 

To prevent abscess formation formalin has been incorporated in 
dried vaccines, either before drying or when preparing the powder 
tor injection.. Andrievsky (1931) exposes dried spleen, tonsils and 
lymph glapds to the action of formalin water for 48 hours imme¬ 
diately before injection. Delpy (1935a) prepares formalin va(‘cine 
and strains it through, a coarse cloth, using both ihe hltrate and the 
solid residue'which is first dried in electric stoves. 0*5 gram of the 
dried vaccine immunizes in 12 days. 

The safety of vaccines, the retention of immunizing properties, 
the time taken to confer immunity, and the duration of immunity 
are of great practical importance. 

It is claimed for all tissue vaccines that they are safe in that 
they do not transmit protozoa or other blood parasites. It is claimed, 
too, that unlike the serum-virus inoculation, tissue vaccines do not 
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cause severe reactions and so do not vset up fresh centres of infection. 
Such claims should, however, be taken to refer only to the cattle 
on which the work was carried out and to the countries in which 
the w^ork was done. It is conceivable that a vaccine harmless for 
fairly resistant (aittle mio-lit prove dangerous for more susceptible 
animals, and there is evidence that this is the case. Daubney’s 
formalin vaccine wuis perfectly safe immediately after preparation 
when used in East Africa on the cattle of that country, but Cooper 
(19dlb) at Muktesar found that even four days after preparation 
it was still highly infective for hill cattle. In Indo-China formalin 
vaccine- is used as it does not spread the disease (le Louet 1932), and 
there is no record from any other country of tissue vaccine spreading 
rinderpest. Although some vaccines are given in doses u]) to tU) 
c.(*nis. the local reaction causes no alarm, but vaccines containing 
chloroform and toluol are apt to cause oedema and abscess formation 
(Andrievsky 1931, and Granonillit and Do-van-Vien 1935). 

Eoinialinized va(‘cine is said to letain its immunizing properties 
at room temperature for one month (Jxige 1935); for one month even 
in the tropics ((hirasson 1934); for five xveeks (Missenard and 
Zylbertal 1934); for two months (Delpy 1935a); for ten months 
(Ismail and Zudhi 1933) ; for two months at 3(P C. (Jacotot 1932); 
and w4)en dried for six months (dacotot 1932); and for one year 
(Delivy 1935a). 

Immunity is established in 4 to 8 days (Jacotot 1932); 8 days 
(Curasson 1930, Ismail and Zudhi 1933, Delpy 1935b); 4 to 11 days 
(Daubney 1928); 10 to 12 days (Curasson 193()); 10 to 12 days in 
laboratory ex])eriments and 20 days under field conditif)ns (Juge 
lfl35); 12 days (Delpy 1935a); and i5 days (Jacotot 1929). 

To accelerate the onset of immunity tlu‘ vaccine has 1)een given 
intradermally, it l)eing claimed that by this method the period is 
reduced to four days ((hirasson and Zylbertal 1934, Ismail and Zudhi 
1933). The latter authors recommend that 5 c.cms. of the vaccine be 
givei] intradeiinally into the the scrotum or lips of the vulva. 
Curasson (1930) finds that in infec-tecl herds, wdiere the vaccine cannot 
be* given subcuitaneously, 10 c*.c*ms. if given intradermally, produces 
immunity in 4 days. Jacotot and le Houx (1935), however, have 
found no advantage in giving the vaccine intradermally. 

The duration of the immunity is said to be four months (Juge 
1935); five to six months (Missenard and Zylbertal 1934); six months 
(Jac'otot 1932, Curasson 193()); seven months (Ismail nncl Zudhi 

1933) ; twelve months (Curasson 1930, Delpy 1935a); about two years, 
and five years when the vac cine is followed by active virus (Daubney 

1934) . 

Bennett’s glycerine vaccine retains its immunizing properties 
for thirty days at 37^ C. and for one year at 0^ (h, and immunizes 
for eight months, the immunity being serviceable for all cattle and 
solid for most within three days, and solid foi all in one week. 

The cost of the vaccine is not easy to determine, but w^here the 
vaccine is prepared at the scene of the outbreak from a sick animal 
it is negligible. In Persia one calf produces about 200 doses of 
vaccune, at which rate it is considered cheap, and because of the 
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simplicity of manufacture it is used in that country (Delpy 1935a). 
Curasson (1936), however, considers that the cost of preparing 
formalin vaccine in a central laboratory would be prohibitive, and 
for that reason prepares it at the scene of the outl^reak. 

Obviously there is no great unanimity in the findings of those 
who have worked on tissue vaccines. It would seem that Bennett’s 
glycerine vaccine is not influenced by the diluent, the late of attenu¬ 
ation depending solely upon the temiierature at which it is kept. All 
other chemically treated vaccines dex)end uj)on the action of the 
agent, and the best in a dose of 1 gram i)er 100 kilograms confer an 
immunity lasting little more than twelve months established in not 
less than one week. This refers only to fresh vaccine. Bennett’s 
glycerine vaccine in a dose of 1 gram i)er 100 kilograms in three days 
confers an immunity which lasts somewhat less than a year. This 
also refers to vaccine stored at a low temperature as although Bennett 
claims that even after storage for 30 days at 37^ (k the vacudne “ pro¬ 
duces a very serviceable iminunity in all cattle and a solid inirnunity 
in most cattle within three days ”, his protocols do not justify fhis. 
The immunity of only two cattle given vaccine sioied for 3 days at 
37^ C. was tested 3 days after ihe injection of 1 gram per 100 kilo¬ 
grams and of,these one died of rinderiiest and the other had diarrhoea 
and ulcers in fhe mouth. 

Uaubney (1934) obtaine<l excellent results l>y giving })artially 
inactivated vaccine seven days after conipletely inactivated vaccine. 
He concluded that active or })artially active si)leen vims given after 
comi)letely inactivaied vaccine confers an immunity seiviceabie tor 
more than five years. This method of immunization has at least 
some of the disadvantages associated with the use of virus in the 
serum-virus method. 

Although tissue vaccines are now widely used, in assessing their 
value one should not lose sight of the fact that such a (areful worker 
as Edwards (1927b) could not obtain satisfa(dory lesults with them, 
and at Muktesar this line of research was finally abandoned in 1932 
after Haddow had found that formalinized vaccine was ajjt to cause 
fatal reactions and, when it was safe, the immunity conferred was 
unreliable. Moreover Mettam (1934) records that field results with 
formalin vaccine were so unsatisfactory that further exjjeriments 
were carried out .with other chemicals. He apparently had 
encouraging laboratory results with the addition of 1 jier cent, sodium 
tauroglycocholate, normal saline, and 1/1,000 formalin to sjileen 
pulp finely ground uj) with sand. One finds also that in 1934 in 
Kenya, wh^re Daubney and others did a great deal of work on the 
production of formalinized tissue vaccine, of 173,881 cattle which 
received prophylactic rinderpest treatment, 65,007 received vaccine 
alone, 9,029 were given vaccine idus virus, 98,373 were given serum 
plus vir\is,' and 872 received serum alone (Brassey-Edwards 1930). 

(/) Goat adapted virus. 

Apparently the earliest record of rinderpest in the goat was that 
of Jessen in 1836 (Flemming 1882). Others who drew attention to 
the susceptibility of this species were.Chicoli (1863), Hallen (1871), 
and Topacio (1926). Koch (1897) observed no change in the virus 
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maintained in sheep, but noted some attenuation after five passages 
in goats, although even then the virus killed the susceptible South 
African cattle. Hall (1933) effected no attenuation after 27 passages 
in goats. Saunders and Ayyar (1936) showed that the virus attained 
a sufficient degree of attenuation for use as a vaccine only after 
about eighty passages in the goat. To fix the virus in gMiats Edwards 
(1927a) found it necessary to introduce the bovine virus, by careful 
surgical operation, on the foetal side of the foetal envelopes in the 
pregnant goat Other workers have not had to resort to this. Hall 
^933) t‘ould not maintain (‘attle virus in goats, losing one strain after 
14 passages and another after 27 jiassages. To Edwards belongs the 
credit of realising tl)e value of the goat for attenuating the virus for 
immunizing cattle. He in tlie first instance successfully used goats 
to overcome one of the disadvantages of the serum-virus method of 
immuiiizatioii, namely, fhe injection of protozoa with the virus. 
Edwards re])oi ted on the value of goat virus alone, but did not recom¬ 
mend the entire abandonment of the serum-virus method, advising 
instead the replacement of serum alone by goat virus plus serum, 
and Cooper (1931), after showing that goat virus alone could be used, 
did not recommend it in view of the grave risks involved “ for a tract 
in which the animals are considerably more susceptible is liable to 
be encountered suddenly at any time It should, however, be noted 
that according to Banerji (1933) Bliss in 1922 had lecommended the 
use of goat virus in China, and in 1926 Topacio had pointed out the 
ecoTiomy of this method. 

Edwards (1930) observed at Karnal the survival of three bulls, 
which had been injected with goat blood virus alone by his (*olleague, 
Mr. Mellon. Stirling (1932) noted this and also became acquainted 
Muth the fortunafe erroi' of his assistant, Mr. P. S. Xair, who while 
doing serum-virus inoculations gave five cattle goat virus and then 
found his supply of serum exhausted. All five cattle lived. These 
two cases and encouiagement from Edwards led Stirling to (‘arry out 
a small experiment with goat virus alone, and it is of interest to note 
that the four cattle on which the experiment was tried were obtained 
on loan from an Indian villager, after he had been induced to make 
a written statement that Ihe experiments would be carried out at his 
risk This small experiment was followed by the injection of 343 
cattle and l)uff'aloes, all of which survived the subsequent injection 
of bull virus. These appear to be the fipst experiments on the use of 
goat virus recorded in India. 

Edwards (1927a) lecommerided field workers to prei)are their own 
virus by the inoculation of two goats with Muktesar virus. Kerr 
and Mellon (1934) investigated the value of the virus for buffaloes 
and for use in outbreaks. Stirling 1933 remarked on the value of 
the virus for cattle “ with a relatively high degree of natural 
resistance ’’ but still recommended the well-known serum-virus 
method for immunizing highly susceptible cattle in India and other 
countries. Stirling’s method of preparing the virus was to bleed the 
infected goat on the fourth or fifth day. He considered female goats 
unsatisfactory as virus producers on account of the liability of 
pregnant goats to abort. Almost immediately workers were con¬ 
fronted with their first difficulty, wffiich was to get active virus to the 
scene of inoculation. Kerr and Menon (1934) attempted to prepare 
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virus in the field by infecting virus producers at the scene of inocu¬ 
lation, but discarded this method because the technique was beyond 
the ability of field inoculators. They, therefore, concentrated on 
the use of spleen tissue vaccine, the spleen of reacting goats being 
cut into strips of about one gram each, and emulsified in saline imme¬ 
diately before injection by grinding in a mortar for half an hour, 
specially large needles being required for the inoculation. One goat 
produced between 2,000 and 2,500 doses, the dose being 0*01 gram of 
spleen. They injected large numbers of buffaloes and noted severe 
reactions only in those worked immediately after inoculation. To 
modify this the dose for buffaloes was reduced to half that lor cattle. 
But even the use of spleen tissue did not overcome the limited 
viability of the virus, and Kerr (1935) records failures on two occa¬ 
sions due to the use of inactivated virus. One was due to the virus 
being used more than seven days after issue, and the other was during 
the very hot month of April. He noted specially that if his dose of 
0*01 gram for (uttle could be halved, there would be a very big 
saving. Kerr (considered that increasing the concentration of the 
spleen to above one per cent, retarded or prevented immunization 
“probably due to the more ready diffusion of the thinner emulsion ”. 
He also (considered that the virus lived longer in a saline solution 
weaker than normal saline, and finally used a half per cent, solution 
of sodium chlt)ride for emulsifying his spleen tissue: Haddow (193(1) 
found that the virus in tissue and tissue extracts remained active for 
3 to G weeks at room temperature but for nothing like this at imcubatoi* 
temperature or even at 30^ C. Haddow (1937) mentions ilmt the 
rapid loss of viability of virus in hot weather is still “ a cause of 
inconvenience ” and adds that at room temperature the virus in 
spleen is viable for about a month but extra(cted with distilled water 
or normal saline becomes avirulent in about a week. As the tempera¬ 
ture is such an important factor in the viability of the virus, it is 
unfortunate that the room temperature is not stated. Muktesar, iii 
an elevation of about 7,()(K) feet, is comparatively cold, the variation 
in temperature being given by Lingard (1905) as from below 32® F. 
to 8()® F. in the shade, and Ware (1933) vstates that “ The climate of 
the place is for the most part of the year (cold and the extreme 
temperatures range between 17*9® and 87*4® F.“ The time of the 
year, therefore, has an important bearing on Haddow’s observation. 

Haddow (1933) consideis goat virus useful in imported animals, 
but in indigenous animals the virus resuscitates latent infe(ction, 
which is as .serious as conveyed transmission. The duration of the 
immunity conferred by goat virus vaccine is ])ut at twelve months 
(Stirling 1933, Kerr 1935); and at something under three years 
(Edwards 1927a). On the time taken to develop immunity there is 
very little evidence—Stirling (1933) puts it at “ about a week 

A^accines made from cattle virus are safe only if the virus has 
been attenuated. Vaccines made from goat virus are effective only if 
the virus is fully potent. In spleen tissue goat virus is said to be 
viable for 30 days at 45® F. (Kerr and Menon 1934, Kerr 1935); for 
6 days at room temperature (Kerr 1935); and for seven days at room 
temperature ‘up to 85® F. (Kerr and Menon 1934). Haddow (1934) 
foUnd that “ at ordinary temperatures ” at Muktesar spleen tissues 
and watery extracts of spleen tissues_xeiu^iued virulent for about a 
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month, and seemed to think that under hot weather conditions on 
the plains, the virus remained virulent for 15 days. Since Kerr and 
Menon (1934) failed to immunize with vaccine exposed to the plains 
temperature for six days, Haddow seems unduly oi^timistic. 

III. Experimkntai. work carried out at IXSEIN. 

A study of the literature on rinderpest was made during leave 
spent at Onderstepoort Jjaboratory, South Africa, in 1934 and again 
in 1937, and on iny return to Inseiii in June, 1934, work was coni" 
inenced by attempting to fix the viius neurotropically in white mice. 
At the same time the vaccine value of an emulsion of goat spleen in 
glycerine-saline was examined, and to determine the eh^ect of storage 
on cattle virus the spleens of cattle were removed at the height of 
the thermal reaction and stored at 42*^ for further examination. 

Attempts to fix the virus in mice on the lines of the work of 
Max Theiler (1930), Sawyer and Lloyd (1931) and Alexander (1933) 
Mere unsuccessiul, and as the results with glycerine-saline emulsion 
of goat spleen w^ere unsatisfactory, work on this Mas soon abandoned. 
Storage of cattle virus gave promising results and in March, 1935, it 
Mas possible to report to the Director of Veterinary Services, Burma, 
“ there aie reasons to believe, from the Mork done here, that simple 
storage muII ailenuate cattle virus sufficiently for it to be used as a 
vaccine.” On the failure of glycerine-saline emulsion of goat spleen, 
M'ork had in the meantime been conimenced on a runaine prepared 
from dried goat spleen. The results w^ere so good that the efforts 
Mere concentrated on this aspect of the subject, and all other investi¬ 
gations on rinderpest discontinued. In Maridi, 1938, however, a 
small expei'iment Mas done Muth Bennett’s glycerine vaccine. 

All experimental work Mas conducted at the Veterinary llesearch 
Tiaboratory, Insein, Mhich is situated in the midst of a thickly 
populated area about eight miles from the centre of Bangoon. The 
grazing grounds, about fifteen acres in extent, ])rovide grazing for 
less than six months in the year, and are used for all experimental 
animals. The cost of feeding is, tlierefore, high, and represents a 
laige pei'centage of the very small amount granted for Veterinary 
Eesearch. Ihider these circumstances experiments can be undertaken 
on only a very small scale and full use must be made of experimental 
animals. The experimental Mork M^as carried out as funds, animal 
accommodation, seasons, and numerous other duties Mould permit. 

Rinderpest in (joats. — In the earlier expeiiments, goats Mere 
obtained from the neighbourhood of the Laboratory, but nith the 
use of large numbers it \vas necessaiy to get them from Upper Burma. 
As there appears to be no variation in the suj^'eptibility of goats in 
Burma, in the experimental data their origin is not stated. 

Rinderpest in goats has been described by EdM^ards (1927a), 
Stirling (1932), Beaton (193(1), Cooper (1931), Hall \1933^, D’Costa 
and BalMant Singh (1933), and Saunders and Ayyar (1936) Hall 
M^as unable to maintain cattle virus by passaging in> goats, and 
thought if goats M^ere to be used for virus piodiiction they Mould need 
to be 8X)ecially bred and kept free from infection. D’Costa and 
BalM^ant Singh observed a breed suscei>tibility and noted that the 
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mortality, which varied with the season and the virulence of the 
virus, was from 70 per cent, to 100 per cent. vStirling* described a 
jugular pulse, which, in his view, was all that need be looked for in 
a virus producing animal. He noted a mortality of only 15 per cent. 

The lung lesion, which Hall (1933) does not consider a constant 
feature, has led to the disease being confused with contagious pleuro¬ 
pneumonia. Saunders and Ayyar (1936) passaged cattle virus 150 
times through 300 goats and noted no change in the reaction in goats. 
Attenuation for cattle did not occur until after the HOth passage. 

No natural infection in goats has been obvserved by me. At 
Insein the Muktesar virus has been passaged 302 times in 811 goats, 
obtained from widely scattered areas in Burma. No change in the 
reaction has been observed and the lung lesion has been a constant 
feature. Of the 811 goats, 23 died on the fourth day and all these 
had bronchopneumonia. As all the goats are temperatured for at 
least three weeks before being used for rinderpest purposes, and none 
are put into an expeiiment unless they have run a normal temperature 
for at least seven days, it seems likely that the pne\nnonia was that 
commonly associated with rinderpest. Small patches of early broncho¬ 
pneumonia have been seen in several goats slaughtered for vaccdne 
jiroduction on the 4th day after infection. In goats slaughtered for 
vaccine production there is always an enlargement of the spleen, 
which is due to the engorgement w’ith blood and hypertro])hy of the 
lymphoid follicles. 

Of 162 goats in which the disease w^as allow^ed to run its course, 
86 showed the initial rise in temperature on the 1st day after infec¬ 
tion; 58 on the 2nd day; and 18 on the 3rd day. The peak tempera¬ 
ture was reached in 3 animals on the 1st day; in 10 on the 2nd day; 
in 52 on the 3rd day; in 50 on the 4th day; in 16 on the 5th day; 
in 14 on the 6th day; in 10 on the 7th day; and in 7 of the 8th day. 
The rise in temperature after injection of the virus was between 
I® and 1*9^ F. in 9 goats; between 2^ and 2 9^ F. in 18 goats; 
between 3^ and 3*9^ F. in 67 goats; between 4® and 4*9^ F. in 55 
goats; and between 5^ and 5*6° in 13 goats. Three goats showed an 
indefinite temperature reaction, and four reacted but survived. The 
other 155 died, the deaths occurring as follows:—4 on the 3rd day 
after infection, 9 on the 4th day, 13 on the 5th day, 13 on the 6th 
day, 20 on the 7th day, 15 on the 8th day, 19 on the 9th day. 11 on 
the 10th day, 9 on the 11th day, 2 on the 12th day, 2 on the 13th 
day, 5 on the 14th day, 1 on the 15th day, 3 on the 16th day, 2 on 
the 17th day, 2 on the 18th day, 1 on the 20th day, and 27 between 
the 21st and 86th day. Those which lived for some time became 
very emaciated and had extensive lesions of broncho|)neumonia. 

The cattle used in e.rperlr/ients .—In their resistance to rinderpest 
the cattle of Burm^i; vary almost directly with the period that the 
areas from which they come have been free from the disease. In 
these experiments the term Local cattle ’’ refers to cattle bought 
on the Rangoon market, which is supplied from all parts of Burma. 

Kyaukpyu cattle are obtained from the Island of Ramree, off 
the west coast of Burma, and have been conveniently called 

Kyaukpyu cattle as they are purchased not far from Kyaukpyu 
and shipped from that port. They are^small animals, seldom more 
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than two hundred pounds in weight, and veiy susceptible to rinder¬ 
pest. In appearance and .susceptibility to rinderpest they resemble 
the hill cattle used at the Muktesar Laboratory. 


(a) Experiment a 1 and 2 with cattle I'irvs. 

Expe/ruiient 1, Table 1 .—The of cattle virus in 

susceptible cattle .—In all experiments from April, 1935, involving 
cattle virus for the testing of immunity or for any other purpose, the 
Kungyangon strain of virus was used. This was obtained from a 
natural outbreak of the disease in cattle in the Kungyangon village. 
It has been kept going on Kyaukpyu cattle which, as has Ijeen men¬ 
tioned earlier on, have very little resistance to rinderpesl. From 
Table 1, which gives details of the reac tions of the cattle used f(3r 
maintaining this virus, it will be noted that: — 

(i) The initial rise in temperature was shown by— 

16 cattle on the 2nd day, 

39 cattle on the 3rd day, 

4 cattle on the 4th day. 

(ii) In the 18 cattle in which the disea.se was allowed to run 
its course, the peak temperature was reached— 
on the 4ih clay by 6 cattle, 
on the 5th day by 5 cattle, 
on the 6th day by 5 cattle, 
on the 8th day by 2 cattle. 

(iii) The rise in temperature after injection of the viius w^as— 
betw’een 2® and 3^ F. in 3 cattle, 

betw^een 3 1*^ and 4^ F. in 25 cattle, 

betw^een 4*1^ and 5^ F. in 22 cattle, 

between 5 1^ and 6^ F. in 9 cattle. 

The figures include animals .slaughtered on the 5th clay. 

(iv) Of 59 c*attle— 

1 recovered, 

17 died, 

38 were destroyed for conservation of the virus. 

(v) Of the 18 animals in which tlie disease w^as allow^ed to run 

its course, 17, or nearly 95 ])er cent., died. These figures 

should be borne in mind when assessing the value of 

immunity tests in experiments to be described later. 

Expefiment 2, Table 2 .—The effect of storage at 42® F. on cattle 
virus in the form of powdered spleen dried in vacuo over calcium^ 
chloride .—In this experiment twm strains of cattle virus had to be 
used. Table 2 show\s that after 100 days’ storage the virus killed 
both animals injected, after 133 days’ storage it killed one of two 
cattle, and after 177 days it killed none of the three animals injected. 
All the animals which survived the virus subseciuently proved 
immune to fre.sh virulent blood. From this it seems that storage at 
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42^ F. for about six months renders the virus safe and effective as a 
vaccine for susceptible cattle. Bennett (1936) found that spleen 
pulp in glycerine-water could be used as a vaccine after three months’ 
storage at 0® C. 


(h) Experiments 3 to 7 with goat adapted rinderpest virus in the 
form of an emulsion of spleen pulp /;? glycerin e-sal iiie. 

In all these experiments by glycerine-saline ” is meant equal 
volumes of best quality glycerine and normal saline, and in all cases 
the spleen was removed from a goat on the fourth day after injection 
with rinderpest virus. 

Experiment 3, Tahle 3 .—The viahility at 42*^ F .—The viability 
at 42^ F. w^as determined on goats, the limit of the test being 231 
days% at which period the virus was still viable. Virus stored up to 
80 days j)rovoked a rise in temperature which reached iis peak on the 
3rd, 4th or 5th day. After 102 days’ storage both the initial rise in 
temperature and the peak temperature o(*curred later. 

Experiment 4, Tahle 4 .—The riabilitg at <83^ to 86^ F .—Tlie 
viability at 83^ to 86^ F. was tested after 3, 6 and 9 days’ storage. 
All the goats reacted but although the initial rise occurred early the 
peak temperature was delay^ed, and this, and the fact that no goats 
died, seemed to indicate that at 83^ to 86^ F. glycerine-saline 
rapidly attenuated the virus. At this stage the use of goats as 
experimental animals was discontinued. 

Experiment 5, Table 5 .—The immunizing properties of varying 
qua/ntities of a 4 per cent, emulsion of spleen .—The nioie resistant 
local cattle were used, and given doses of 1, 2, 3 and 4 c.cms. Of 
the three animals which gave no reactioTi to the vaccine, one died 
and two reacted very severely to the virus. Of the other eight (‘.attle, 
which developed mild but delayed temperature reactions to the 
vaccine, virulent blood killed one, caused a severe leaction in four, 
a mild reaction in one, and had no effect on two. Four c.cms. of 4 
per cent, emulsion of spleen gave no more protection than a quarter 
of that quantity. These results were unsatisfactory, hut in the mean¬ 
time experiment number 6 had been started. 

Experiment 6, Table 6 ,—The duration of immunity conferred 
by an ermUsion of spleen pulp in glycerine-saline .—liOtail and 
Kyaukpyu cattle were used. It was originally intended to test the 
immunity of a few animals at intervals over a ])eriod of two years, 
but after the unsatisfactory results obtained at the first immunity 
test another lot was tested immediately. No reaction to goat virus 
indicates either immunity to rinderpest or no protection from the 
goat virus. In other words, unless goat virus provokes a temperture 
leaction it fails to immunize. On this basis numbers 267 and 275 
of the six cattle given vaccine stored for ten days at 42® F. may be 
disregarded. Of the other four in this group one gave a good tempe¬ 
rature reaction to the vaccine and did not react to the virus, and three 
were killed by the virus. Of eight cattle given vaccine stored for 
2 days at 42® F. and two days at 84® to 86® F., the virus killed 
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three and produced severe reactions in five. Vaccine stored for 2 
days at 42^ F. and 8 days at 84^ to 80^ F. piotected one out of eight 
animals. The other seven were killed by the virus. 

In addition to the 22 animals detailed in Table 6, ten other 
cattle Avere inoculated in this experiment. Two and a half months 
after they had been given vaccine, rinderpest broke out amongst 
them and killed seven. Before finally abandoning this line of inves¬ 
tigation a last experiment was done. 

E.rpeiiment 7, Table 7.— The immmiizinp propeTties of 
(a) 1 per cent, emulsion in 50 per cent, glycerine-saline, (h) 1 per 
cent, emulsion in normal saline, after .'storage for (i) Five day.s at 
42^ F. (ii) Five days at 82° F. —In this ex})erinient the more 
resistant locail cattle as well as the susceptible Kyaukpyu cattle were 
used. After fiA^e days at 42° F. both emulsions |)rovoked temperature 
reactions, but only two of the eight animals showed no reaction to 
the subsequent injettion of virulent blood. The vaccine stored tor 
five days at 82° F. caused a teini>eraiure reaction in seven of the 
eight (‘attle. The eighth animal gaAe no reaciion to virulent blood, 
so was presumably immune when it was given the vaccine. Of the 
seven reacting animals, four gave no reaction to virulent blood, two 
gave mild temperature reactions, and one reacted very severely. 

The results obtained in these experiments showed that an 
emulsion of goat spleen in normal saline or in glycerine-salijie had 
little ])rotective value. It is i)ossible that during the i)reparation 
of the vaccine the virus was atienuateri, l)ut careful checking up has 
failed to reveal any likely souice of eiror. The goats whi(;h supplied 
the spleens also supplied blood for the passage of the virus, and tor 
this ])ur])ose were bled immediate^ before being killed for removal 
of the spleen; so it may be concluded thai the spleen on removal 
from the goai contained virulent virus. Walker (1929) pointed out 
the low antigenic value of certain spleens, but as ihrce different 
spleens were used in Ihese three experiments, it is unlikely that all 
three were low in antigenic value. Boynton (1928) reniarked on 
the necessity of using only good quality glycerine in the preparation 
of rinderpest vaccine, as poor quality glycerine causes rapid deterio¬ 
ration of the virus. Although only glycerine of tlie best quality was 
used, it might have been affected by this tropical climate. It is, 
possible, however, that the virus, greatly attenuated for cattle by 
passage through goats, is still further weakened by glycerine. What- 
eA^er tlie reason, these experiments rule out the possibility of a 
satisfactory vaccine being ])repared in this manner for use in Burma. 
Attention was therefore directed to the ])roperties of virus in the form 
of dried spleen. 


(c) Experiments 8 to 17 with goat adapted rinderpest virvs in the 
form of spleen powder dried in vacuo over calcium chloride. 

The goats supplying the spleen for use in these expeiiments were 
killed on the fourth day after injection with virus. The spleens were 
immediately min(*ed in a Latapie and the pulp dried in a desiccator, 
in which it was kept at 42° F. for 24 hours. For each ex])eriment 
the pooled material from not lem than three spleens Avas used. 
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‘ Experiment 8, Table 8 .—The viability at 42^ F .—The viability 
at 42^ F. was determined at varying intervals up to 231 days. Dis¬ 
regarding for the moment the goat given material stored for 192 days, 
the reactions from virus stored up to 141 days were very similar to 
those provoked by fresh virus; the initial rise occurred on about the 
3rd day and the peak temperature was reached on the 5th or Gth day. 
After 141 days’ storage the initial rise was delayed and the peak 
temperature was reached much later. This delayed ternx)eratine 
reaction may be interpreted as indicating attenuation after about 
five months’ storage. Similar results at the same temiierature were 
obtained with goat virus in an emulsion of glycerine-saline, though 
in this case attenuation seemed to ocinir in less than four months, 
while cattle virus in the form of dried spleen became attenuated in 
just about the same time as dried goat virus (exx)eriment 2). There 
are, therefore, grounds for thinking that although i)assage in goats 
has attenuated the virus for cattle, it has not changed its reaction 
to storage at 42® F. 

Experiinent 9, Table 9 .—The ciahility (it 85® to 89® F .—This 
was deteimined on goats and was unfortunately not caiTied to its 
conclusion. .As tar as it went the experiment showed that the virus 
survived 13 days at 85®' to 89® F., and even after this ])eriod the 
initial rise in temjierature and the time taken to reach the peak were 
well up to the average for fresh virus. Expeiiment 4 showed that 
at 83® to 86® F. glycerine-saline rapidly attenuated the virus. The 
conclusion was drawn that the virus is j)reserved longer in the form of 
dried powder than as an emulsion in glycerine-saline, and having 
arrived at this (‘onc^lusion it was decided to investigate the 
immunizing properties of dried virus, and in this and all future 
ex])eriment8 cattle were used. 

Experiment 10, Table 10 .—The viahility and Inimanizi n g 
properiieH of dried .spleen virus emuh^ified in normal saline .—Neither 
four days at 42® F. nor four days at 79® to 81® F.had any deleterious 
effect on the antigenic properties of the virus emulsified in normal 
saline. As storage for four days at 79® to 81® F. had no ill effect on 
the virus it seemed jiracticable to despatch vaccine in the form of 
dried spleen to be emulsified with normal saline on the day of 
injection. 

Experiment 11, Table 11 .—The imxnunizing properties of dried 
spleen virus after storage for (i) 5 days at 42® F., (ii) 5 days at 82® 
F .—For each of storage two Kyaukx>yu and two local cattle 

were used, each receiving ()*0{)5 gram of dried spleen. All reacted to 
the virus and all i)roved immune to virulent cattle virus. As these 
two small experiments had shown the undoubted aiitigenic properties 
of dried sx)leen, emulsified in normal saline, another small exx^eriment 
was carried out to .determine the effect of exposure to a temperature 
of 97® F. 

Experiment 12, Table 12 .—The effect of storage at 97® F. on the 
viahility and antigenic properties .—Three cattle were given virus 
stored for 3 days and 3 cattle were given virus stored for 
6 days^. Three days at 97® F. had no deleterious effect on 
the virus, hut aiter % days at 97® F. the effect was marked, only one 
of three cattle being immunized, ExperimentgL had now shown that 
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very small quantities of the virus immunized and that a temperature 
of 97^ F. rapidly destroyed the antigenic properties of the virus. 
Many parcels of vaccine despatched to the field would for hours be 
exposed to a temperature of 97^ F. oi- higher, and as it had been 
shown that after () days at 97^ F. the vaccine was unreliable as an 
immunizing agent there seemed to be no object in investigating the 
viability of the vaccine at room temperature, which would be in the 
neighbourdhaad of 85^ F. It seemed more important to gain infor¬ 
mation on the optimum amount of virus required to confer immunity, 
and on the possibility of despatching vaccine ])acked in ice. 

Experinieiit I'ahle 18.— The optiniinth iinniunizinp dose of 

dried spleen virus. —Five pairs of cattle were given (juantities of 
dried spleen decreasing from 01 to 0 0005 gram. All ten animals 
were immunized so that it was concluded that 0 ()005 gram of dried 
spleen was sufficient to immunize cattle. Observations, detailed 
elsewhere in this paper, had been made on the rate of rise of tempera¬ 
ture in ice-containing thermos jars. An experiment was now under¬ 
taken to determine the behaviour of the virus under what were 
considered adverse field conditions. 

Experiment 14, Table 14. —The effect of adverse field conditions 
on dried spleen virus. —To reproduce adverse field conditions virus 
was packed in a thermos jar of ice and placed in an incubator at 
97^ F. Three days later the ice was replenished. The jar was 
replaced in the incubator, and the virus tested at intervals com¬ 
mencing with the sixtli day, i.e., nine'days after the thermos jar was 
first placed in the incubator. This procedure was adopted because 
most of the vaccine would be used later than three days after despatch 
from the Ijaboratory. More animals than necessary were put into 
this exjreriment, which was regarded as of considerable ])ractical 
importance, because as it was desirable to use the same virus on all 
animals injections had to be continued until there was no doubt that 
the end ])oint had been reached. The results show that six days after 
the addition of ice to the thermos jar the vaccine immunized all four 
cattle. After eight days, of four animals one was immunized, one 
was given no jrrotection, and the other two were given some degree 
of immunity. After ten days, one of four animals was protected. 
Observations showed that in thermos jars containing ice and stored 
at 97^ F. the temperature reached 97^ F. after four days, so that 
actually this experiment confirmed the results obtained in experi¬ 
ment 12. 

Experiment 15, Table 15.— The duration of inimunitp. —Before 
the optimum dose of vaccine had been determined an experiment to 
give information on the duration of immunity was commenced and 
for this purpose a dose of (I*01 gram of dried spleen was given. 
Local and Kyaukpyu cattle were used and their immunity tested in 
groups after 819 days, 429 days and 755 days. It should he noted 
that these animals were protected from exposure to the disease so 
that whatever immunity they had \vas conferred by the vaccine, and 
to be sure that this immunity was not reinforced by unnoticed natural 
infection, ten to twenty highly susceptible Kyaukpyu cattle were 
kept with the test herd, it being presumed that these susceptible 
animals would show the prcvsence of any natural infection. 
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Of the ten animals in the 319 days group, one developed a rise 
in temperature commencing on the tenth day, and nine showed no 
reaction. Unfortunately no contral animals were included in this 
group, but as the virus was obtained from animal No. 527, Passage 
No. 45 in experiment 1, and dried spleen from this animal was used 
to carry on the strain on the 18th November, 1936, it may be pre¬ 
sumed that the virus was active. 

Of eight animals in the 429 days group, one develoi)ed a temi)e- 
rature reaction, the initial rise occurring on the 5th day. One of 
the other seven animals did not react to the vaccine and all proved 
immune when given virus. 

Of six animals tested after 755 days the two Kyaukpyu animals 
showed mild temperature reactions, the initial rise occuriing on the 
6th day in one and on the 7th day in the other. The four local 
cattle were immune, though one of these did not react to the vaccine 
and so was probably immune when put into the experiment. 

This experiment, which is still ip progress, has so far shown 
that the immunity conferred by the vaccine lasts for twenty-five 
months. 

E^rperiment 16, Table 16 .—The time takerf to confer immunity. 
—In an experiment carried out in September, 1936, it wi\H shown 
that immunity was established within three days. A second experi¬ 
ment, done in February, 1938, may be conveniently described as 
part of the first. 

It is hardly possible to summarise the thermal reiudions to the 
vaccine as these were complicated by reactions to the virus. The 
charts show that virus, given before the temperature caused by the 
vaccine has returned to normal, provokes a second temperature 
reaction. Typical charts are shown in Figure 5. 

Ten Kyaukpyu cattle were given vaccine and their immunity 
determined by the injection of cattle virus at intervals varying from 
twenty-four hours to eleven days atfer the vaccine. Of those tested 
in Sej)tember, 1936, three to eleven days after inoculation, one of 
each pair was given 0-005 gram and the other 0-0025 gram of 
vaccine. The dose given to those tested in February, 1938, twenty- 
four to seventy-tw^o hours after vaccination, was 0-0025 gram to one 
and 0*00025 grain to the other. Both animals in the twenty-four 
hours group reacted to the virus, one a little more severely than the 
other, but both recovered. In the thirty-six hours grouj) only one 
developed ini^d diarrhoea. None of the animals in the other groups 
had either diarrhoea or mouth lesions, indicating that 0-00025 gram 
of dried goat spleen protects against virulent cattle virus injected 
forty-eight hours later. In the twenty-four hours group the animal 
which got 0 0025 gram of spleen has a less severe* reaction to the 
virus than the one which got one-tenth that amount, while in the 
thirty-six hours group the animal with the smaller dose of vaccine 
reacted to the virus while the one which got the larger dose suffered 
no ill effects. The experiment shows that 0*00025 gram of dried 
spleen confers an immunity which is serviceable in twenty-four hours 
and absolute in forty-eight hours. 
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Experiment 17, Table 17.— The immuiiizing value of dried 
$pleen virus stored alternately for twelve hours at 80® F, and for 
twelve hours at 97® F. —Experiment 12 had shown that after 72 
hours at 97® F. the immunizing properties of dried spleen virus were 
unimpaired, and used aftei 144 hours at this temperature the virus 
immunized one of three euttle. After 13 days at 85® to 89® F. there 
was no change in the reaction it produced in goats, though it does 
not, of course, follow that it would still immunize cattle. It was of 
practical importance to find out for how long vaccine not kept on 
ice remained effective during the hot months, and for this purpose 
during the day it was kept in an incubator and during the night it 
was kept at room temperature, which did not fall below 80® F. 

After siorage under these (*onditions, for six, eight and ten 
days, the vaccine gave no immunity to one of two cattle in each 
group, and pracdically no immunity to the other animal in each 
group. 

Obviously during the hot months vaccine cannot be effectively 
used six days after removal from cold storage. It seems that the 
attenuating effect of storage at 97® F. is not arrested by subsequent 
storage at 80® F. 


(d) Experifnent 18 ivith Ben)iett\s giycerine-u'ater vaccine. 

The vaccine was prepared exactly as described by Bennett (1936), 
the spleen being minced in a TiUtapie pulper, 

Experinient 18, Table 18.— The safety and im nmnizin pro¬ 
perties of Bennett's ylycerine-ivater vaccine stored at 37® C .—This 
experiment was undertaken before recommending this vaccdne in the 
very few outlying areas of Burma where dried spleen vaccine (*an be 
used only with difficulty. Bennett found that spleen pul]) in 
glycerine was safe after 3 months at 0® C. My experiment No. 2 
showed that after 133 days at 5® C. (42® F.) the dried virus still 
killed cattle. As observations on Bennett’s vaccine stored at 0® C. 
would take too long, the effect of storage at his second temperature, 
viz., 37® (J., was examined. The vaccine was injected after exposure 
to 37® C. for four days, six days, fifteen days and twenty days, two 
cattle being used on each occasion. The Laboratory has no facilities 
for weighing live cattle. Several Kyaukpyu cattle in Experiment 1 
were weighed after they iiad been slaughtered for removal of the 
spleen. They all weighed less than 200 lb., and as Bennett recom¬ 
mended a dose of 1 gram spleen pulp per 100 kilograms, all animals 
in this experiment were given 1 gram of splee^i pulp. 

Bennett found that his vaccine was safe for use after 3 days at 
37® C. and “ to produce solid immunity in all cattle, the limits of 
storage are not mitch more than one month at 37® C.” (Bennett 
1936.) Unfortunately this experinient did not confirm Bennett’s 
findings. After only four days’ storage the vaccine did not protect 
against 2 c.cins. virulent blood given 27 days later, both animals 
dying of rinderpest. Of the eight animals used, only two survived 
the injection of virulent blood—one in the six days group and one in 
the fifteen days grbup—but both had such severe reactions that it 
may be concluded that the vaccine conferred little, if any, immunity. 

283 



<M CO -It 


IMMUNIZATION AGAINST lUNDEHPEST. 


Bennett apparently does not fetate how he tested the immunity con¬ 
ferred by his vaccine. Possibly my test by injecting 2 c.cms. of 
virulent blood was far more severe than his, but it was the test used 
in all my experiments with goat adapted virus. It is possible, too, 
that my experimental animals were more susceptible than his and 
my virus more virulent than that used in his experiments. 

(c) Ohservations on the rise of temperature in thermos jars 
containing ice. 

The capacity of the thermos jars used is 1,500 c.cms. (roughly 
two and a half pints) and the price in Rangoon is three shillings 
and six pence each. 

(i) A block of ice weighing 250 grams was put into each of six 
thernios jars. After 40 hours the temperature was 32° F. in No. 1 
jar, after 64 hours it was 44° F. in No. 2 jar, and after 86 hours it 
was between 60° and 64° F. in the other four jars. 

(ii) Various quantities of finely crushed ice were put into six 
thermos jars. Details of temperature rise and quantities of ice are 
as follows : — , 



Weight 

Temperature 

Temperature 

Jar No. 

of 

after 

after 


Tee. 

64 hours. 

88 hours. 


1 


6 


320 grams 
330 grams 
280 grams 
355 grams 
325 grams 
330 grams 


33°F 

32"F 



64“F 

74“F 

59°F 

59°F 


(iii) Twenty-four tubes of dried vaccine wej*e put into each of 
three thermos jars, which were then filled with crushed ice (about 
850 grams). At the end of 88 hours the temperatures recorded in 
the three jars were 59° F., 60° F., and 60° F. 

(iv) Twelve thernios jars were filled with crushed ice (900 grams 
in each) and kept in an incubator at 97° F. The rise of temperature 
was as follows: — 


Jar Nq. 

Temperature recorded. 

After. 

1 

Temi^erature. 

1 and 2...... 

24 hours 

33°F 

3 and 4... 

48 hours 

33°F 

5 and 6... 

72 hours 

33°F 

7...... 

96 hours 

67°F 


96 hours 

69°F 

9, 10, 11 and 12.. 

—1-20 hours. 

97°F 


\ 
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These small expeiiments show that as a refrigerant crushed ice 
is as effective as a block of ice; and that the temperature in a quart 
thermos jar filled with crushed ice remains at 32^ F. for at least 
72 hours, and does not reach that of the surrounding air for at least 
four days. 

(/) Ohserrafioiis on Dry Ice {Solid Carbon Dioxide). 

Dry ice was obtained from Madras, packed in insulated leather 
containers and carried in the shii)’s cold store. During the 84 hours 
in transit the weight of the dry ice decreased from 114 lb. to 45 lb. 
It was then stored at 42^ F., and at this temperature the daily loss 
was 10 lb., so that there was a gradual increase in the percentage 
loss. On exposure to room temperature, which varied from 78^ to 
83^ F., the loss w^as very rapid. One pound of dry ice was packed 
in each of six thermos jars, which w-ere tightly corked. Within 24 
hours all the ice in all the jars had evaporated. Blocks of dry ice, 
weighing tw^elve ounces, were put in aluminium tins wdth screw^ed-on 
lids. All the ice evaporated wdthin four hours. 

As a refrigerant for the despatch of dried vaccine in Birrma 
dry ice is useless. 

IV. Application of Experimental Results. 

{a) Preparation of dried yoat splee7i vaccine. 

For the ])rei)aration of this vaccine the goat is killed on the fourth 
day after injection w^ith goat adapted rinderpest virus, the spleen 
removed aseptically, finely ground and rapidly dried. The material, 
which is not tested for sterility or potency, is despatched in a thermos 
jar of ice, emulsified with normal saline immediately before injec¬ 
tion, and used in doses of one gram for 400 cattle and one gram for 
2,400 buffaloes. The vaccine is used as a prophylactic measure both 
in clean areas and in natural outbreaks of the disease. The prepara¬ 
tion of the vaccine will be described in detail. 

(loats are obtained from Upper Burma, wdiere the supply is 
apparently inexhaustible, and delivered at the Ijaboratory at a cost 
of ten shillings each. They are not specially selected, though big, 
healthy-looking animals are taken for preference. It is not possible, 
even if it were desirable, to obtain only males, and no matter at 
wdiat time of the year animals are purchased kidding is of daily 
occurrence. Pregnant goats used for vaccine production do not abort, 
and if they did it would not reduce their vaflie. The spleens of 
female goats are slightly bigger than those of males, and the per¬ 
centage of loss in drying is the same. The average weight of the 
spleen of the last 59 female goats used wtis 55 5 grams and that of 
the last 24 male goats w as 49 *9 grams. The loss in w^eight in drying 
was 76*5 per cent, for spleens of female goats and 77 1 per cent, 
for spleens of male goats. 

The strain of goat virus originated from Muktesar and was 
kindly supplied by the Director of Veterinary Services, Madras, in 
December, 1934. At Insein it has been kei)t going in goats either 
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by direct blood inoculations qn the day of bleeding*, or by injection 
of blood or spleen pulp after storage at 42® F. for varying periods. 
In the earlier passages virus material from a single animal was on 
each occasion used, but latterly the pooled virus of the vaccine pro¬ 
ducers has been injected. 

The reaction in goats has been dealt with elsewhere in this 
paijer. The goats used here are so universally susceptible to rinder¬ 
pest that it seems all may be used without reference to the tempera¬ 
ture or other reaction. Of 615 infected for vaccine production, only 
5 were discarded because of what appeared unsatisfactory temperature 
reactions. 

The goat is bled to death and the spleen removed as quickly as 
possible through the left flank. The only treatment given to the 
skin is to clip the hair along the lines of incision and remove the 
loose hairs with a stiff brush. TTsing sterilized instruments the skin 
over the left flank is reflected and the abdominal contents allowed 
to drop down by an incision through the muscular coat in the mid- 
ventral line, the muscles in the flank being then incised without 
danger of puncturing the rumen. Lifting the ribs exposes the spleen, 
which is grasped with a pair of forceps and removed by snipping its 
attachments. A smear from each spleen is examined after staining 
for one minute by (iiemsa, and the carcase is submitted to a cursory 
inspection. Of 610 spleens, ten weie discarded because of fibrous 
peritonitis, and 14 because the goats had died of rinderpest before 
the 96th hour. 

The spleens are minced in a Latapie pulper of 400 c.cms capacity. 
To preserve the cutting edges the knives are kept in 70 per cent, 
alcohol and washed in boiled water immediately before use the rest 
of the instrument being sterilized by boiling. The use of the Latapie 
pulper is a little wasteful in that some of the pulp is retained in the 
dead space between the piston and the grinding surface. Some pulp 
is also retained in the system of cutting edges, but to minimise the 
possibility of infection no attempt is made to salvage this material. 
The pulp is transferred to .sterilized petri dishes through a short 
rubber tube attached to the outlet of the Latapie. 

The pulj) is dried in vacuo over calcium chloride, and for this 
purpose are used a Pfeiffer double stage vacuum pump, stout-walled 
desiccators, with an internal diameter of 9 inches and a depth of 
inches, and calcium chloride of good quality. Hapid drying of 
the pulp is attained only by attention to details. The boitom of the 
desiccator is covered with lumpy calcium chloride and a little white 
vaseline is nibbed on the opposing surfaces of the lid and rim of the 
desiccator, after they have been carefully cleaned. The lid is well 
seated on to the desiccator so as to give an even distribution of the 
layer of vaseline. The tubulure and stopcock are also carefully 
cleaned and vaselined, and the pump connected up with the desiccator 
by means of pressure tubing. Care is taken to keep th(5 pumj) filled 
with an adequate supply of clean oil. These detai s have been 
enumerated as on the few occasions when assistants reported failure 
to dry the pulp rapidly or completely, this was due :o neglect of 
one or more of the points mentioned. --A petri dish containing the 
pulp from about one spleen is put into a desiccator and the pump 

286 



G. PFAFF. 


allowed to run for two or three minutes. The desiccator is j)laced 
in a refrigerator at 42^ F., and after tw'o hours the pulp is stirred to 
disturb the dry crust on the surfatte and to expose the moister material 
below. The air is again exhausted and the desiccator returned to the 
refrigerator. The following day the pulp is rapidly ground in a 
pestle and mortar, and transferred to drawn glass tubes, about 
8 inches by J inch, from which it is run into 2 inches by I inch test 
tubes, which are closed witli rubber (‘orks and sealed by dipping in 
melted paraifin wax. This is done quickly so as not to heat the tube 
or its contents. The vaccine is stored in these tubes at 42^ F. In 
emergencies the pulp is more rapidly dried by placing only small 
quantities in each desiccator and the vaccine issued within a few 
hours of the spleen being removed from the goat. 

Vac(*ine is prepared weekly, the number of goats used being 
regulated by field requirements. This procedure was originally 
adopted as a matter of convenience but is now strictly adhered to 
because Haddow (1934) has shown that it is not possible to maintain 
the goat adapted vims for more than four generations if it is stored 
at (P C. for more than ten days between each passage. 

In the earlier experiments, to make the most of limited funds, 
use was nuule of whatever material was to hand. For this reason 
the tubes of vaccine were packed in the small aluminium tins used 
for photographic roll films. They were light and of a convenient 
size. As the tins of vaccine were packed in i(‘e it was necessary to 
make them watertight, and foi* ihis purpose ])lasticine was used. 
With the adoption of the vaccine foj- routine inoculation in Burma 
it was possible to consider an improvement in the packing of the 
va(‘cine. More elaborate tins with screw caps and collars and rubber 
washers were devised and other methods of preventing the entrance 
of water were tried but the simjde aluminium tin, with slip-on lid, 
which is made locally very chea])ly, and the use of ])lasticine, remain 
the most satisfactory method of packing. A thermos jar, of two and a 
half pints capacity, is half filled with pcnvdered i(*e, the tin of vaccine 
put on this ice, and the jar filled with powdered ice, which is rammed 
down firmly. The boxes (*ontaining the thermos jars receive rough 
handling in transport, and to guard against breakages powdered ic^e 
is used in preierence to a single piece of ice. 3he cork of the thermos 
jar is sealed with a strip of plasticine, and Ihe jar packed in a 
wooden box of such dimensions as to allow not less than foui’ inches 
of sawdust, bran or paddy-husk between the jar and the box. The 
packing material acts as an insulator as well as a bufter against 
rough handling. To keep a check on thermos jars they are numbered 
and periodically tested. ^ 

It is usual for inoculatois to arrive at their destination in the 
evening and commence work early the following morning. They are 
supplied with one hundred c.cms. and thirty c.cms. bottles, soditim 
chloride tablets, glass pestles and wedgewood mortars. Boiling cracks 
a glass mortar and melts the glue in the handle of a wedgewood 
pestle, but does not damage a glass pestle or a wedgewood mortar. 
Instruments and bottles are boiled the evening before inoculation, 
so that the following morning all instruments are sterilized but cold, 
there is no danger of killing the vaccine in a hot mortar, and there 

287 



IMMUNIZATION AGAINST KINDERPEST. 


is an ample supply of cold sterile water for the preparation of normal 
saline. By the adoption of these simple measures the i)rocedure has 
been made very nearly fool proof, which is a very necessary pre¬ 
caution. 

Each tube contains about 0*25 gram vaccine, which is sufficient 
for one hundred cattle. The powder is emptied into the mortar, 
saline added and the powder rubbed up into a paste. More saline is 
added and the powder is completely emulsified, the whole procedure 
taking not more than 30 seconds. The emulsion is poured into a 
100 c.cms. bottle, which is filled up with normal saline and 
thoroughly shaken. For buffaloes five c.cms. of this vaccine is put 
into a 30 c.cms. bottle, which is then filled up with normal ,saline 
giving thirty doses of one c.cm. each. The vaccine is injected sub¬ 
cutaneously, after washing the skin with soap and water. The hair 
is not clipped and inoculators are advised not to use any disinfectant, 
though it is feared that many still cling to the old belief of the 
absolute necessity of scrubbing the site of injection with tincture of 
iodine or with one of the coal tar .disinfectants. Inoculators are 
allowed to use the spleen powder up to thirty days after despatch 
from the Laboratory, provided the ice in the thermos jar is 
replenished every three days. They are not ])ermitted to use it later 
than six day’s after ice was last added and vaccine not used on the 
day emulsified with normal saline must be discarded. 


(h) The use of the vaccine in the field. 


When first used in an area free from rinderpest for 30 years, 
0*1 gram of the vaccine caused a mortality of about one per cent, in 
cattle and of about 20 per cent, in one lot of buffaloes. It was ])re- 
sumed that this heavy mortality was due to long freedom from the 
disease and the consequent lack of natural resistance. It was then 
thought that the dosage could with advantage be varied with the 
years of freedom from the disease, and for this reason all requisitions 
for vaccine w’ere acc,omi)anied by a history of the disease in the area 
where the cattle were to be inoculated. Dosage was graded accord¬ 
ingly and used as follows: — 


Years area free from 
Rinderpest. 

Up to 2 years ... 

2 to 5 years ... 

6 to 9 years ... 

10 or longer. 


Doses of vaccine for 
cattle. 

200 doses per gram. 
400 doses per gram. 
600 doses per gram. 
1,000 doses per gram. 


A fairly extensive trial showed that the dose did not materially 
influence the reaction in cattle but that many buffaloes were killed 
by a dose which was safe for cattle. The dose was, therefore( fixed 
at one gram of powder for 400 cattle, and one gram for 2,400 buffaloes. 
Experiments have shown that one-tenth of the dose fixed for cattle 
is just as effective, but the main reason for fixing the dose at one 
gram for 400 cattle is that very rarely, if ever, is this number 
inoculated in one day. Each villager ovims only a few animals, so 
that even if it were possible for inoculators to do more than 400 in 
one day, this number would not be'^aTailable. Inoeulators have 
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instructions to use Viiccine on the day it is emulsified, which in 
practice means that it is used within six hours. The powder is not 
weighed l>ut the amount is gauged fairly a ecu lately by comparison 
with a weighed (|uantity in a similar tube. It would, however, be 
more difficult to «aug*e a smaller amount, so that all things considered 
it is deemed advisable to waste a little vaccine rather than reduce the 
dose to the limits indicated ])ossible by experiments. The vaccine is 
now beino* used wherever it is ])ossible to deliver it in a viable form, 
which excludes only a very few areas in Burma. It is used in infected 
herrls during an outbreak, in heids where outbreaks aie aj)t to occur, 
and to establish a zone of immunized cattle around an infected area. 
This, however, is outside my sphere of a(‘tion, and will not be further 
commented upon. Details of the numbers of cattle and ])uffaloes 
inoculated with the vaccine are ^iven in the table immediately 
below. The mortality said to have been caused by the vac(*ine is 
also shown. All these inoculations were carried out by officeis of the 


Month. 

Cattle. 

Bcffaloes. 

Number 

inoculated. 

Deaths up to 
30 days after 
inoculation. 

N umber 
inoculated. 

Deaths up to 
30 days after 
inoculation. 

1935 October. 

827 

3 

47 

1 

November. 

1,144 

0 

147 

1 

December. 

702 

3 

251 

45 

1930 -January. 

986 

1 

_ 

_ 

Fet)ruary. 

3,075 

21 

— 

— 

March. 

2.698 

18 

1,012 

24 

April. 

4,325 

46 

733 

11 

May. 

13,046 

9 

638 

25 

June. 

25,923 

82 

550 

28 

.Iiily. 

27,259 

94 

^3,457 

107 

August. 

22,110 

36 

2,054 

93 

September. 

13,606 

33 

2,832 

66 

October. 

22,566 

28 

3,399 

109 

November. 

19,688 

19 

3,138 

84 

December. 

25,055 

17 

2,116 

41 

1937—January. 

28,429 

16' 

1,214 

12 

February. 

38,720 

32 

3,340 

61 

Marf'h. 

52,872 

53 

4,768 

98 

April. 

30,046 

41 

3,035 

79 

May. 

43,166 

65 

2,257 

149 

June. 

27,628 

24 

1,158 

15 

^luly. 

24,487 

14 

, 1,036 

16 

August. 

15,501 

23 

985' 

9 

September. 

27,712 

24 

1,946 

14 

October. 

46,392 

88 

4,013 

106 

November. 

41.183 

57 

3,192 

44 

December. 

37,502 

31 

3,502 

58 

1938—January. 

46,025 

20 

3,476 

48 

February. 

57,536 

24 

3,393 

24 

March. 

1 

59,583 

20 

4,785 

17 

Total _ 

759,792 

944 

62,474 

1,385 
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Veterinary Uepartnieiit, many of whom are of limited education. 
Since in all parts of the country big numbers oi cattle have been 
inoculated without any mortality it is reasonable to conclude that in 
nearly every case death after inoculation was not due to the vaccine, 
but to other diseases, or to poverty and neglect. Enquiry has shown, 
that in some cases poverty-stricken animals, especially buffaloes, 
were turned out into the jungle after inoculation and neglected, many 
dying of starvation. Aiiimals dying in infected herds were reported 
as having been killed by the vaccine, whereas many probably died of 
natural infection. Neverthelevss the figures in the table include all 
deaths up to about 30 days after inoculation, and show a total 
mortality of 944 out of 759,792 cattle, and 1,385 out of 62,474 
buffaloes. During the fifteen months ending Slst March, 1938, which 
excludes the heavy mortality when the vaccine was first introduced, 
of 576,782 cattle inoculated, 532 died, and of 42,100 buffaloes, 75() 
died.' As the table is based on reports received from inoculaiors up 
to the 30th April, 1938, the figures are necessarily incomplete. 


(c) The advantages of the vaccine. 

The vaccine may reasonably be described as cheap, safe, and 
effective. 

As at present used in Burma the vaccn’ne is many times more 
expensive than it would be if used in the doses shown to be effective, 
but even so it is estimated that the cost, including goats, apparatus, 
packing and freight amounts to about four shillings a thousand doses. 
The preparation of a vaccine from cattle would be a hazardous 
undertaking in Burma, where the supply of susceptible cattle is 
limited to far away areas not free from natural outbreaks of the 
disease, so that at any moment one’s supply might be cut off. Goats, 
on the other hand, are obtainable everywhere, and all seem equally 
susceptible to the disease. They are, moreover, cheap and the cost 
of their upkeep is small. The breakages of thermos jars, which is 
perhaps the main item in the cost of bottling and despatch, is sur¬ 
prisingly small, and has amounted to only 12 out of 1,507 sent out. 
There is a great saving in time and material in tubing the vaccine, 
as 100 doses can be put into a small agglutination tube in a few 
seconds, while the cost of transport on a box of vaccine from the 
Laboratory -to the inoculators’ lieadquarters averages about one 
shilling. 

A gross mortality of less than one in a thousand cattle during 
the fifteen months ending Slst March, 1938, shows that the vaccine 
is safe. Repeated ,attempts at the Laboratory to transmit the disease 
to Kyaukpyu cattle by contact have failed, and field observations 
support these findings. In each of the Laboratory experiments ten 
Kyaukpyu cattle were mixed in a small loose box and five given 
goat virus. All the cattle were fed and watered from the same 
utensils, and although the inoculated cattle reacted to the virus 
and were kept in contact with the test cattle for 30 days these showed 
no rise in temperature and later reacted typically to the subcutaneous 
injection of goat virus. .. 
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With buli'aloes the position is a little uncertain. Edwards 
(1927b) stated that in India the buffalo is not regarded as particularly 
susceptible. In the Philippines buffaloes are considered much more 
susceptible than cattle. In Burma the buffalo is extremely suscep¬ 
tible and in any outbreak of rinderpest a mortality of 100 per cent, 
is expected, leaving no recovered animals and consequently no animals 
with any acquired immunity. In the Philippines it was found neces¬ 
sary to give buffaloes three injections of chloroform vaccine, as the 
immunity developed from one injection was insufficient to protect 
them against exposuie to natural infection. In Burma inoculators 
have reported that dried goat spleen in a dose of 1 gram for 2,400 
buffaloes has at times caused severe reactions and a few deaths. 
Spread of the disease to uninoculated buffaloes by contact with 
inoculated buffaloes has also been reported. It is hoped that at 
Insein facilities will soon be available for work on buffaloes and that 
then the immunization of Ihese animals will be further investigated. 

The vaccine transmits no blood parasites and causes no local 
reaction. As only the spleen is used and this can be quickly and 
aseptically removed, there is little danger of (ontamination. It 
would he otherwise if tonsils and lymph glands were incorporated in 
the va(*cine. Field work is sometimes ])erformed under great diffi¬ 
culties, and li is conceivable that contamination might occur during 
emulsification of the vaccine in the mortar. On two occasions at the 
Laboiatory vaccine was emulsified in a small cattle enclosure while 
many assistants intentionally created as much dust as ])ossible, but 
even then the vaccine produced no local reaction. Emulsification 
may also be effected by prolonged shaking of the spleen powder in a 
bottle of normal saline. This is a longer and more tiring jirocess 
which does not satisfactorily break up the spleen tissue, and Iladdow 
(1934) has shown that watery extracts are much less virulent than 
tissues. The use of the mortar has no disadvantages and with it 
complete emulsification is effected in 30 seconds. 

Experiments have shown that the vaccine confers immunity 
which is serviceable in 24 hours and solid in 48 hours, and endures 
for at least two years. As immunity is not lasting and as that con- 
fcried by vaccines can be reinforced by virus, it is reasonable to 
])resume that loss of immunity is gradual and not sudden, and can 
be reinforced by exx^osure to natural outbreaks of the disease. In 
estimating the duration of immunity, animals which might have been 
exposed to natural infection should, therefore, be disregarded, and 
failure to do this has xirobably contributed to the disagreement on 
the subject of immunity conferred by tissue vaccines and by serum- 
virus. In my own work great care was taken to exclude any possi¬ 
bility of immunity being reinforced and experiments have sliown 
that the immunity lasts for at least twentj^-five months. Rexrorts 
from the field confirm these Laboratory findings. 

Since the vaccine is kejrt on ice its effectiveness is assured and 
one would expect field results to be in accordance with Ijaboratory 
exj)eriments. In many countries ice would present an insurmountable 
difficulty but in Burma it is no handicap. It is available on trains, 
steamers and ferry boats. It is made in most of the smaller towns 
and procurable in many out of the way villages, the juice per j)ound 
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varying from half a penny in the larger towns to two pence in the 
villages, though in a few distant villages it goes up to as much as 
sixpence. Figures 7, 8 and 9 give a good idea of the temperatures 
to which vaccine would be exposed if not packed on ice. 


V. Discussion. 

The term “ strains ” in conneidion with rinderpest virus has 
been used as a matter of convenience, and should not be taken to 
indicate the existence of a plurality of strains. The difference is one 
of virulence or degree. I have on several o(‘casions failed to maintain 
by passage in susceptible cattle strains obtained from natural out¬ 
breaks of the disesae. One strain of cattle virus was much less 
viiulent for goats than the goat adapted virus which never kills our 
most ’ Susceptible cattle. 

The cattle of Burma vary greatly in their susceptibility to 
rinderpest. Mention has also been made of this in other countries, 
and it is possible that this variation in susceptibility and the 
differen(!e in virulence of strains account for much of the lack of 
uniformity reported in immunization against rinderpest. This is 
possibly the reason for my failure to confirni the results obtained by 
Bennett with his glycerine vaccine. 

Although doubt has been cast on the living nature of at least 
some of the filterable viruses, there is some jusiification for speaking 
of “ attenuation ” and ‘‘ killed ” in connection with rinderpest virus. 
At any rate it is convenient to do so. 

Curasson (1980) has condemned as useless vaccines prepared 
from attenuated virus. Although killed virus will immunize against 
such infections as herpes, psittacosis and distemper, it is open to 
doubt w^hether any really effective rinderpest vaccine does not contain 
living virus, how^ever attenuated. In 1928 Daubney stated “ Whether 
the reaction to inoculation w ith vaccines pre})aied in weak formalin 
depends upon the presence of a minimal dose of iim hanged living 
virus, the size of the dose being the determining facdor in the severity 
of the reaction, if any, provoked; or whether the virus is in any way 
progressively attenuated by the action of formalin without l)eing 
actually killed, are problems that must await solution by further 
experiment Edw^ards (1925) made a most interesting observation. 
He stored blood virus at lx)dy heat under paraffin. After three months 
the virus had become inert for cattle, but intense passage through 
rabbits brought back its original virulence for cattle. In view of 
the fact that Walker (1929) showed that in blood, virus becomes inert 
in a matter of hours, and that Edwards was unable to preserve the 
potency of blood vurus for more than eight days, it would seem that 
wdien apparently dead, rinderpest virus may be only greatly atteiiu- 
ated. On the other hand Shilston (1917) noted that at Muktesar 
pefibrinated blood remained virulent for 40 days at room temperature. 

The most lasting immunity is that conferred by virulent cattle 
virus in combination with either immune serum or vaccine. It has 
been shown that the immunity conferred by goat virus and serum is 
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not as lasting as that conferred by cattle virns and serum. Investi¬ 
gators have searched for a vaccine to overcome the oisadvantages of 
the serum-virus method, liUt while they have gained in cost and safety 
they have lost in duration of immunity. All vaccines prepared from 
cattle tissues are rendered safe l)y storage or by exposure to chemicals. 
Even when they have reached the safety stage they may still kill 
highly susceptible (*attle, as was shown by Coo})er (lO.jl), indicating 
that they still contain active virus. In connection with tissue 
vaccines, “ safety ” is a purely relative term. After storage at 42^ 
E. for five months even the most virulent cattle viius loses its power 
to kill susceptible cattle, and instead immunizes them. An 
infinitesimal quantity of fully potent virulent virus kills a susceptible 
animal but the more attenuated that virus becomes the greatej* the 
quantity required to produce a reaction. Some consider that rinder¬ 
pest virus does not become attenuated and that the effect of such 
material is due to the survival in the injected material of minute quan¬ 
tities of virus, but considering the very minute quantities of virulent 
material required to kill a susce])tible animal and the regularity with 
whi(*h reactions may be provoked by large (quantities of “ attenuated ” 
virus, a more reasonable ex])lanation is that all or nearly all the virus 
has l)ecome attenuated, and that none, or very little, has been killed. 
This subject is of more than academic interest as if it can be shown 
experimentally that tissue vaccines depend upon living but attenuated 
virus for their immunizing effect, the necessity foi* not allowing 
attenuation to go too far is obvious. There is no doubt that for goat 
adapted virus to immunize it must be fully potent. (bOl gram of 
dried spleen is an unreliable immunizing agent aftei* exposure for 
six days at 97^ F. Hut even aftei* seven days at this temperature 
0-5 gram will immunize, indicating that a large quantity of attenu¬ 
ated virus may be siiccessfully substituted for a small quantity of 
fully i)otent virus. Of great practical im])ortance is the short time 
for which goat virus remains effective at a temperature of 97° F. 
A small preliminary experiment indi(*ate(l that by exposure for twelve 
hours to 8(P V. and 97° F. alternately the virus becomes attenuated 
as rapidly as it does on exjrosure to a constant tempeiatuie of 97° I\ 
It is not known it the virus may be attenuated to a recjuired degree 
by exf)osure to a temperature of 97° F. and then maintained at this 
strength by storage at about zero. 

In Hurnia during the hot months of Mai (dr, April and May 
vaccine despatched to the field is exposed to temperatures of J)7° F. 
and more for many hours each day and in manv parts during these 
months the temperature never drops lielow (Sr>° F. After 0 days 
vaccine stored alternatively for twelve lunirs at 97° I\ and for twelve 
hours at 89° F. failed to immunize in doses of^OO] gram so that 
vaccine despatched from the lailioratory not jiacvked on ice would be 
exj)osed to fairly high temiieiatures, and rapidly lose its immunizing 
properties. Only with vaccine kept on ice can one hope to reproduce 
Laboratory results. Fortunately in Burma ice is easily obtainable 
and for that reason keeping the vaccine on ice jiresents no difficulty. 
The only alternative to this method of despatch is for inomilators to 
])repare vaccine as required. Very few of our inoculators could be 
entrusted with this and the X)r(>cedure would in any (‘ase meet with 
opposition as it would offend against the religious principles of the 
people. 
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VI. Summary. 

{a) The various methods of immunizing against rinderpest are 
briefly summarised, the use of goat adapted virus being dealt with 
more fully. 

ib) Experiments leading up to the production of a vaccine pre¬ 
pared irom dried goat spleen are described. 

(c) The dried vaccine is prepared from the spleen of a goat 
destroyed on the fourth day after injection with goat adai)ted virus. 
The spleen is minced in a liatapie and the pulp rapidly dried in 
vacuo over calcium chloride. 

{d) Packed in a thermos jar of ice, which is replenished every 
third day, the vaccine is emulsified in normal saline immediately 
befoie use, and used in a dose of one gram for 400 cattle and one 
gram for 2,400 buffaloes, although experiments have shown that 
0*00025 gram is equally effective for cattle. 

(e) Immunity commences within twenty-four hours and is solid 
within forty-eiglit hours. It endurt^s for at least 755 days, the limit 
to wliich it has so far been tested. 

(/) 570,782 cattle and 42,100 buffaloes were inoculated during 
the fifteen months ending 01st March, 1908. The mortality in them 
was 0-092 ])er (‘ent. in cattle and 1*78 per cent, in buffaloes. Com¬ 
plete reports are not yet available, but those received show that from 
October, 1905, to 01st March, 1908, 759,792 cattle and 62,474 buffaloes 
were inoculated. 

{(/) The opinion is ex])ressed that to confei* lasting immunity 
tissue vaccines must contain living virus. 
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APPENDIX. 


Tables 1 to 18.-Giving details of experiments described in the text. 

Note.-!. In all tables (K) indicates a highly susceptible Kyaiikpyu animal, and (L) indicates an animal bred in Burma, of unknown 
susceptibility, but usually more resistant to rinderpest than the Kyaukpyu cattle. 

i In tables 1 to 18 the temperature in all cases refers only to that recorded before eight o’clock in the morning, the 
evening temperature being probably accentuated by the heat of the day and for that reason being disregarded. 

3. In immunity tests “ Iniiiiuiie ” indicates no reaction whatever. 

T.\i{le 1. (Experiment 1.) 

77ic pmaije of Ik Kmijipmion ^trnin of ivihimt rdttk rim in Kjimlini'ii rdtflr. 



Animal. 

Injection of Virts. 

Reaction. 

Fate. 

Passage 





Mftfprial iisfifl. 







Number. 


Age 


Date 

Iiijeetefl. 



Davof 

Day 

Peak 

Rise in 

Day 

died. 

Dav 


Number. 

in 

vears. 

Sex. 

Blood. 

Dried spleen 

initial 

rise. 

Peak 

reached 

tempera¬ 

ture. 

tempera¬ 

ture. 

destroy¬ 

ed. 







pder. 





’ 

1 

320 

4 

Cow.. 

2/ 4,33 

Blood from ox 


u 

Sth 

193’9=F, 

3'4'F, 

nth 







and buffalo 
with naturally 
acquired Rin¬ 
derpest 








0 

m 

|| 

Cow... 

11, 4-.3.3 

Ex. 320 direct.. 

- 

3rd 

oth 

104'2’F, 

fF, 

- 

8tli 

3 

289 


Bull... 

23/ m 

— 

Ex. 278 stored for 

3id 

oth 

1M=F. 

4“F, 

9th 

— 







4 days at 42^F. 







i 

298 

’2i 

1 

Bull... 

28; 4/35 

Ex, 289 direct. 

— 

3rd 

5tli 

104=F. 

4'F, 

9th 

— 

5 

291 

Bull... 

3, .13') 

Ex. 298 direct. 

__ 

3rd 

oth 

105'4=F. 

5'fF. 

- 

otil 

6 

314 

3 

Cow.. 

8' 3/33 

Ex. 291 direct. 


2nd 

8tli 

105'8"F, 

5-FF, 

9th 

— 

1 

309 

i i 

Cow.. 

1 13/ 5/35 

Ex, 314 direct. 


: 2nd 

oth 

108'F. 

5'8=F. 

! - 

9th 

8 

274 

1 1| 

I 1 

Cow... 

! 18 5'33 

Ex. 309 direct. 

- 

3rd 

oth 

1 ia5'2"F. 

5'F, 

- 

9th 

9 

283 

Bull... 

25/ 5/35 

Ex. 274 direct. 


3rd 

5th 

• 102'8“F. 

3’F. 

i loth 

_ ■ 

Id 

3(0 

1 

Bull... 

; 28/ 5/35 

Ex. 274 and 283 

1 

3rd 

4th 

1 104'2‘F. 

4"F. 

i — 

6tli 






direct 








11 

i 311 

* 11 

Cow... 

2/9/35 

I Ex. 300 direct. 

- 

' 2nd 

oth 

104'F. 

3'8"F, 

8th 


12 

i 309 

: 2 

Cow.. 

12/ 9/35 

Ex. 311 direct. 


3rd 

oth 

104'9’F. 

4'9"F. 

- 

2nl 

13 

390 

1 31 

Bull.. 

22; 7/35 

— 

Ex. 306 stored for 

2nd 

1 8th 

lfl8’F. 

8”F. 

9th 

; ~ 






39daysat42=F. 







U 

348 

3i 

i Bull... 

27/ 7/35 

Ex. 360 direct. 

- 

3rd 

4th 

103'8’F, 

3'8=F. 

7th 


13 

3i 

3 

Bull... 

1/P 

Ex. 348 direct. 

— 

3rd 

8th 

105'4'F, 

5'8'F. 

9th 

- 

19 

353 

1 1 

Cut... 

: 11/ 8/35 

Ex. 380 direct. 

- 

3rd 

oth 

195'8“F. 

5'2'F. 

- 

oth 

17 

391 

: 1 

Bull... 

! 19/ 8/35 

Ex. 3o3 direct. 


3id 

3id 

: 195"F. 

5T. 

- 

oth 
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Table l-lcoMmd). t 




Animal. 



Injection of Virus. 


Reaction. 


Fate. 

Passage 

Namber* 


Age 


Date 

Injected. 

Material used. 

Day of 

Day 

Peak 

Rise in 

Day 

died. 

Day 


Numb. 

in 

years. 

Sex. 

Blood. 

Dried spleen 
powder. 

initial 

rise. 

Peat' 

reached. 

tempera¬ 

ture. 

tempera¬ 

ture. 

destroy¬ 

ed. 

18 

352 

f 

Bull... 

30/8/35 


Spleen pulp ex. 
391 in 50 per 
cent. Glycerine 
Saline stored for 

9 days at 42^F. 

3rd 

4th 

I05=-F. 

4’6'F. 

— 

6th 

li 

314 

2 

Cow... 

4/ 9/35 

Ex. 352 direct. 


3rd 

6th 

IW'6“F. 

3'4’F. 

lOth 

- 

20 

383 

ii 

Bull.,. 

9/ 9 35 

Ex. 374 direct. 

- 

3rd 

6th 

IftfF. 

5=F 

9th 

_ 

21 

311 

4 

Cow... 

19/' 9,/35 

Ex. 383 direct. 

— 

. 3r(l 

5tli 

105'4'F, 

4B’F, 

- 

5th 

22 

351 

11 

Cow... 

1/11/35 

- 

Ex. 371 stored for 
37dav8at42'F. 

4th 

4th 

104’6'F, 

3'6”F. 

- 

5th 

23 

390 

3| 

Cow... 

1111/35 


Ex. 351 stored for 
12 days at 427. 

2n(l 

4th 

lfl5'4’F. 

4'8’F: 

8th 

“ 

24 

392 

5 

Cow... 

22/11/35 

Ex. 390 direct. 

— 

3rd 

4th 

163'4’F. 

347, 

9t'i 

- 

25 

463 

5 

Cow... 

2111;'35 

Ex. 392 direct. 

— 

3rd 

4th 

103'4'F, 

247 

- 

5th 

■26 

i 

1 

474 

1 

Bull... 

28/12/35 

- 

Ex. 463 stored for 
29 days at 427. 

2nd 

5t!i 

lt)3'CF. 

4’4°F. 

- 

5th 

1 21 

456 

4 

Cow... 

16/ 1/36 

i 

- 

Ex. 414 s/ored for 
ll(iavsat42"F. 

3rd 

5th 

I62'6T. 

3'6"F, 

I 

nth 

•“ 

28 

i 464 


Cow... 

21/1/36 

Ex. 456 direct. 


3id 

4t!i i 

I6;F’F. 

3’F. 

10th 

1 - 

29 

i 450 

3 

Cow... 

26/ 1/36 

Ex. 464 direct. 

- ' 

Sid 

Ct'l ; 

lill'S'F. 

4-8’F, 

- 

6th 

30 

470 

2 

; Cow... 

15/ 2/36 


Ex. 450 stored for 
16day8at427. 

3rd 

5th ; 

lOfF, 

FF. 

— 

5th 

31 

,446 

1 

Cow... 

24/ 2/36 

- 

Ex. 470 stored for 

M 

6th 

105“F. 

5B"F. 

- 

6th 

32 

411 

2 

Bull... ; 

15/ 3/36 

- 

Ex. 446 stored for 
16 days at 427. 

3rd 

5th 

1()3'4‘F. 

3'S’F. 

- 

5th 

33 

[ 457 


Cow... 

3/ 4/36 


; Ex. 471 stored for i 
15 days at 427. 

3rd 

4th 

101'8T. 

3'8=F. 

— 

5th 

34 

475 

■I 

Cow... 

22/ 4/36 

- 

Ex. 457 stored for 
15 days at 427. 

3rd 

5th 

lOl'F. 

3fF. ^ 

I 

— 

5t:J 

35 

435 

3J 

Bull... 

11/ 5^30 

— 

Ex. 475 stored for 
15 days at 427. 

3rd 

5th i 

101'8=f. 

3'6"F, i 

— 

5th 

36 

443 

5 

Bull... 

30/ 5/36 ; 

— 

Ex. 435 stored for 
15 days at 427. 

3rd 

5th i 

165'6”F. 

4'6=F. 

— 

5th 

31 

499 1 

3 

Cow... 

11/ 6/36 

— 

Ex. 443 stored for 
15 days at 427. 

3rd 

4th 

164’37. 

3'2'F. 

8th 


38 

514 

1 

Cow... ; 

16/ P 

Ex. 499 direct, i 

— ' 

3nl 

4th 

IW-h’F, 1 

m. 

8th 

- 

39 

516 

2 

, Cow... 

1 

21/ 6/36 

Ex. 514 direct. 

- 

3«l ! 

3rd 

118'rF. i 

! 

3-2"F 


5th 
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Table i-(coliitimill. 




Animal. 



Injection of Viurs. 


Reaction. 


Fate. 

Passage 

Number. 


Age 


Date 

Injeeted. 

Material used. 

Day of 

Day 

Peak 

Rise in 


Day 


Number. 

in 

years. 

Sex. 

Blood. 

Dried sjilcen 
powder. 

initial 

rise. 

Peak 

reached, 

tempera¬ 

ture. 

tempera¬ 

ture. 

Day 

died. 

destroy¬ 

ed. 

40 

522 

li 

Cow... 

1/1/30 

- 

Ex. 516 stored for 

6 days at 42“F. 

3id 

5tli 

1M-8“F. 

4'rF, 

- 

5th 

41 1 

525 

2 

Cow,., 

1/ 8/30 

- 

Ex. 522 stored for 
liday8at42'F. 

4tb 

8th 

195=F, 

5'F. 

- 

Reco¬ 

vered. 

42 

.531 

ii 

Cow.,, 

0/ 8/30 

Ex. 025 direft. 


3nl 

5th 

105'2d'' 

5'2T 

__ 

5th 

43 

498 

3 

Cow.,. 

2/9/30 

- 

Ex. 531 stored for 
23day8at42T. 

2iid 

5th 

194'F. 

3'6'F. 


5th 

44 

528 

4 

Cow... 

24/ 9/30 

- 

Ex. 498 stored for 
18day8at42"F. 

4tli 

5th 

104'8T 

4'4T. 

- 

.5th 

4o 

,521 

3| 

Coff... 

11/1030 

- 

Ex. 528 stored for 
l!)daysat42"F. 

4th 

5th 

Itl4-4'F, 

3'6'F. 

- 

5th 

40 

502 

2 

Cow... 

18/11/30 

- 

E,x. 521 stored for 
28day8at42=F. 

3rd 

5th 

195'e=F. 

5'2'F. 

- 

,5th 

4/ 

492 

3 

Bull... 

12/12/30 


Ex. 502 stored for 
20day8at42T 

3rd 

5th 

104°F, 

4=F. 

- 

,5th 

40 

480 

3 

Coff... 

10/1/31 

- 

E.\. 492 store! for 
3hlavs8t42=F. 

3rd 

,5th 

103'2'F 

4'2“F. 

- 

5th 

49 

.532 

2 

Cow... 

20/ 2/31 

- 

Ex. 480 stored for 
31da,r8at42”F. 

3rd 

5th 

104=F, 

3'CT. 

- 

5th 

50 

.534 

5! 

niontb 

Heifer 

19/ 3/31 

- 

Ex. 532 stored for 
23day8at42“F. 

2nd 

5th 

104'8=F. 

W. 

- 

otli 

51 

491 

i 

Cow... 

11/ 4;31 

— 

i Ex. 534 stored for 
; 25day8at42'F. 

3rd 

5th 

i 

lOl'^F. 

4'6=F. 


5th 

52 

545 

3| 

Bull... 

15/ 5/31 

— 

! Ex. 491 stored for 
24day8at42T. 

2nd 

1 5th 

104'?F. 

1 

4-4'F. 

“ 

■ 5th 

53 

5.50 

2i 

Cow... 

i 

21/ 0/31 

_ 

Ex. 545 stored for 
33daysat4fF. 

2nd 

4th 

I04'?F. 

4’2T. 

— 

5th 

M 

.543 

9 

1 Bull.., 

^ 21/1/31 


Ex. 550 stored for 
26day8at4fF. 

2nd 

4th 

lllCF. 

4‘F. 

; ~ 

i 5th 

55 

542 

2 

Bull... 

: 23/ 8-31 

i 

— 

Ex. 543 stored for 
29daysat42T. 

2nd 

1 3rd 

1(H=F. 

4“F, 

- 

5th 

50 

.5.55 

3 

Cow... 

22/ 9/31 


Ex. 542 stored for 
26day8at42T. 

^ 2nd 

5th 

1 

104'fF. 

4'rF, 

1 - 

5th 

51 

540 

3j 

Bull... 

; 25/10/31 

I 

— 

Ex. 555 stored for 
29daysat42°F. 

3rd 

5th 

l(l.fF. 

! 

5=F, 

— 

^ 5th 

i 

58 

: 551 

9 

Cow... 

21/11:31 

- 

; Ex. 546 stored for 
29daysat42°F. 

1 2nd 

1 

5th 

1(MA“F. 

4'8=F, 

- 

1 5th 

59 

504 

21 

i Cow... 

21;1231 


Ex. 551 stored for 
26day8at42T. 

2iid 

5th 

l()4t. 

4'2’F, 

— 

5th 

















Table2. (Experiments.) 



Me 

Imfe 

ISJMIOS OF Vks, 

Reachof, 

taem Test, 

Date 

Injected, 

.Weijlit 

of 

Dried 

Spleen, 

Period 

Stored, 

Day 

of 

Initial 

Rise, 

Day 

Peak 

Reacked, 

Peak 

Tempm- 

tore. 

Rise 

in 

Tempera- 

tore,. 

Resnit, 

Date 

of 

Immnnity 

Test, 

Quantity 

of' 

Virulent 

Blood, 

Reaction. 

I 

9 

- 

3 

1 

3 

0 

7 

8 

8, 

10 

■ 11 

12 



Orjin. 

Days, 









1(K| 

5/8/35 

O'Ol 

77 

otk 

Otk 

105'8'F, 

1'8=F, 

Died on lltk day. 

- 

- 

- 

i3lll(K{ 

5/8/35 

0'05 

77 

,5tli 

Otk 

W, 

3'8'F, 

Diejonikday, 

- 

- 

- 

!358 (K| 

27/7/35 

O'Ol 

li 

Otk 

i3tk 

lOl'fF, 

3’8f, 

Died on lOtk day. 

- 

- 

- 

15i(K) 

27/7/35 

O'Ol 

100 

ik 

12tk 

101'2"F, 

2’2'F. 

Died on 1.5tk day. 

- 

- 

- 

■»(K) 

28/8/35 

O'Ol 

133 

Itk 

5tk 

103'8'F, 

2'1’F, 

Died on lltk day. 

- 

- 

- 

3II(K) 

28/8/3.5 

O'Ol 

133 

7tk 

Otk 

105'1’F. 

D2“F, 

Recovered. 

p35: 

2 c,cm. 

Immune, 

321 (K) 

0/1/35 

0'8 

177 

.5tk 

8tk 

W, 

H’F, 

Recovered. 

28/1/35 

5 e,cm. 

Immie. 

301 (R) 

8,p 

I'O 

177 

7tli 

Otii 

103’2'F, 

D2'F. 

Recovered. 

28/1/35 

5 c,cm. 

Immune, 

301 (R) 

,0/1/35 

1:0 

177 

i Itk 

Otk 

\m. 

1'2'F, 

Recovered. 

28/1/35 

5 c,cm. 

Immune, 

208 (R) 

fflntiolto 

No8,321,|30landi 

- 

- 




28/1/35 

5 c,cm. 

Died on 

1 







i 

1 ; 




Otk day. 


I 

H 

H 

% 

H 

N 

> 

u 

M 

0 

> 

0 

> 

H 

z 

1/1 


H 

z 

M 

w 

« 

s 

B 


































"^ 0-0 


u 

i 

Table 1 (ExPEiiiraT.) S 


f(i iffenim ik mliilifi at ii1° fii 8fi® F. iif (will Mijitd hihpt 1 inis iii tk funii iij ii 1 jiff mi j 


eiiiiilsioii sjilmi {III 

'{1 III o(l |)PI 

inf.ijIjjiwiifMM.' 



. lliJECTlOJi OF Ill'S. 

RE,WI0S, 

__ ___ 

' 


! 

Goantitjof 




Goat 


1 Percent, Period Stored 




Nmto. 

Date 

Einidsionof i *153° to 

Day of 

; 

Day Peak 1 Peak ; Rise in 

Pfwnll 


Injectd. 

Spleen Pulp i 55°F, after 
inoftprcentj t"'odays 

Initial Rise. 

Reacled, Teniperatuie, Temperature,' 

Ml . 



Glycerine’ ! *tl3’F, 






Saline, 


■ ^ 


i 1 

>) 

1 

3 1 ! '^ 

5 i i 5 

5 

1 

322. 

25/3;3o 

1 

i 

2 f.fin. 3 days 

3rd 

i 1 

lltli 1M°F. 2'5'F, 

RecoTeied. 

323. 

26/ 3/35 

2 o.en). 3 days 

2nd 

Hi 1 15H°F, 1'2°F, 

Recovered, 

323. 

25/313 

2 c.ein. 3 days 

tt 

Ik i i'rr, 1 24°F, 

Recovered. 

312. 

25/3/33 

2 e,cni. ; 5 days 

3nl 

Ilk j i'TF, 3'5°F. 

Recovered, 

325.j 

25' 3/33 

2 c,cni. 5 days 

2nd 

13i ! i'5°F, 2'2'F, 

Recovered. 

335.' 

25/3/35 

2e,CE 6 days 

Isl 

3rd ■ 152H'F, ' l'S°F. 

Recovered, 

325. 

lM/35 

2 c.ein. : 5 days 

i 

5i 151'5'F, 24’F, 

Recovered, 

315. 

l'l/33 

2 e.em, 5 days 

5tk 

Hi 153'2°F, IfF. 

Rewied. 

315. 

1/1/33 

2 e,ein, 1 5 days 

3rd 

I5i : i'2°F. ^ 3'2’F. 

Recovered. 

























T.lllli ■). (K.XI'KIII.'JKKT 0.) 


To iekmint tlw umnmiiHi pnijinUn of iwijiiHj il(m nj Kiiiiniiesl Ijmil Sjilmi I'mim In Ik 
form nj a 4 per rent. fHii/ij/o;/ nj spleen pnip /)i 4(1 pn rent. (Tlipninr-Snllne nfler shmje jot jim 
kps nf 42° F. foUiiireil hp lien kps iit (Sll° F. 



Injection of 
Vaccine. 

Reaction. 

Immfnity Test. 



(juantitv 











of 4 per 









Cattle 

Niinite. 

Date 

Injected. 

cent. 
Emulsion 
of Spleen 
Pulp in 

Day 

of 

Initial 

Rise. 

Day 

Peak 

Readied. 

Peak 

Tempera¬ 

ture. 

Rise 

ill 

Tempera¬ 

ture. 

Result. 

Date 

Injected. 

Qiiantitv 
of ' 
Virulent 
Blood. 

; Result. 



50 per cent. 











filycerint. 

Cslino, 









1 

•) 

3 

4 

5 

6 

/ 

8 

!, 

10 

11 

345(4.. 

23; 2/35 

1 e.eni. 

I3Hi 

13tl! 

itii4=r. 

1-6’F. 

Recovered. 

38 4 35 

2 c.cm. 

Rise in temperature from 











100“ftol03-8'F. Diirrhoea 
Mouth lesions. Recovered. 

343(4, 

23/ 2/35 

1 c.cm. 

(Itli 

13th 

WHl 

1'4T. 

Recoveied. 

8 .5 35 

2 c.cm. 

Rise in temperature from 
100°Ftol04-6^F. Diarrhoea. 
Severe mouth lesions. Reco¬ 
vered. 

349(4. 

33; 2/35 

I e.eiii. 

I3tli 

I4tli 

III2'8=F. 

l•(rF. 

Reeovered. 

8 5 3.5 

2 c.cm. 

Rise in temperature from 
100Tt()102'4T. Recovered. 

3.54 (4..: 

33 2 35 

2 c.cm. 

lOtli 

nth 

11)1 nn’. 

1‘2T. 

Reeovered. 

38- 4 35 

2 c.cm. 

Rise ill temperature from 

j 





j 

■ 




i 100Ttol03’rF.DiaiThoei. 
Mouth lessions. Recovered. 

361 (4..; 

33/135 

2 c.em. 

1 

6tt: 

13th 

161-fF. 

' I'rF. 

, Recovered. 

8, 5/351 

2 c.cm, 

i Died of Rinderpest on I9tli 
day. 

271 (4.. ^ 

33/ 3/351 

2 c.cm. 1 

Xo Reaction 



1 

1 8; 5/35 i 

2 c.cm, 

Died of Rinderpest on I3th 

246(4.. 





i 





day. 

33 2 35 

i 

i 

3 c.eni. 

12tli 

13th 

101'S’F. 

j 

i'8d’. 

Recoveied. 

i 

1 

28/ 4 ,]5 i 

2 c.cm. 

Rise in temperature from 
100“Ftol04-0®F. Diarrhoea. 
Severe mouth lesions. Reco¬ 
vered. 

i 

362(4.. 

33; 3;35 

3 e.cni. 

No Reaction 



: 1 

8 5/35 

2 c.cm, 

Rise in temperature from 

j 

243(4..; 





■ 



j 

i 

I 

10l°Ftol03'fF. Diarrhoea. 
Severe mouth lesions. Reco¬ 
vered. 

23 / 2,35 ^ 

3 c.cm. 

m 

1.3th 

1I2'0=P. 

Wl 

Recovered. 

8/ 5/35 1 

2 c.cm. 

Immune. 

26(114., 

23/ 2;35 

4 c.cm. 

Kith 

nth 

161.6'F. 

0*8=F. 

Reeovered. 

28/ 4/35 i 

2 c.cm. 

Immune. 

356(4.. 1 

23/ 5/35 

4 c.cm. 

No Reaction 




8 5 35 1 

2 c.cm. : 

Rise in temperature from 

1 

j 

i 





i 

1 


i 


lOOftoIOI-fiT. Diarrhoea. 

Severe month lesions. Reco- 
_1 











Table 6, 




mfmd bji Rinietpest Goat Spleen I’accine in tk fom of a 1 per 
m cent. GIpceme Saline after storage for- 

(1) 10 days at 42° F. 

(2) 2 days at 42° F, followed ty 2 days at 84° to 80° F. 

(3) 2 days at 42° followed by 8 days at 84° to 86° F. 


If 

Section of Vaccwe. 

Reaction. 

Immunity Test. 

Date 

Injeeted. 

’ 

Quantity 
of 1 per 
cent. 
Emulsion 
of Spleen 
Pulp in 

50 per cent. 
Glycerine- 
Mine. 

Period 

Stored. 

! 

Day 

of 

Initial 

Rise. 

Day 

Peak 

Readied. 

Peak 

tempera- 

tore. 

! 

Rise 

in 

tem¬ 

pera¬ 

ture. 

Result. 

Date 

Injected. 

Quantity 

of 

Virulent 

Blood. 

Result. 

1 

2 

3 

4 

0 

6 

1 

8 

9 

10 

11 

12 

240 (L),.. 

31/ 3/35 

2 c.cm. 

10day8at42°F. 

N 

0 Reacti 

on. 



18/ 5/35 

2 c.cm. 

Died of Rinderpest 












on 9th day. 

248(L)„. 

31/ 3/35 

2 c.cm. 

rr 

3k1 

44 

105'6”F. 

4'6=F, 

Recovered 

18/ 5/35 

2 c.cm. 

Immune. 

267 (1)... 

31/ 3/35 

2 c.cm. 


N 

0 Reacti 

on. 



18/ 5/35 

2 c.cm. 

Immune. 

275(K)... 

31/ 3/35 

2 c.cm. 


S 

0 Reacti 

on. 



18/ 5/35 

2c.cra. 

Immune. 

282 (K),.. 

31/ 3/35 

2 c.cm. 


64 

64 

I03'2“F. 

2-fF. 

Recovered. 

18/ 5'35 

2 c.cm. 

Died of Rinderpest 












on 9th day. 

302 (K),.. 

31/ 3/35 

2 c.cm. 

„ 

N 

0 Reacti 

on. 



18/ 5/35 

2 c.cm. 

Died of Rinderpest 












on 9th day. 

263 ID... 

2,5/ 3/35 

2 c.cm. 

2 days at 42°F. 

2n(i 

4tli 

102'yF. 

2’4"F. 

Recovered, 

8/ 5/35 

2 c.cm. 

Severe temperature 




followed by 2 








reaction with 




days at 84*^ to 








Diarrhoea and 




m. 








mouth lesions. 












Recovered. 

247 ID... 

25/ 3/,35 

2 c.cm. 


N 

0 Reacti 

on. 



8/5/35 

2 c.cm. 


25.7(4.. 

25/ 3/35 

2 c.cm. 


N 

0 Reacti 

on. 



18/5/3.5 

2 c.cm. 


264(4.. 

25/ 3/35 

2 c.cm. 


3ni 

5th 

101-8T. 

1'8’F. 

Recovered. 

18/ 5/35 

2 c.cm. 


288 (R)... 

25/ ,3/35 

2 c.cm. 


S 

0 Reacti 

on. 



8/ 5/35 

2c.cm. 

>4 

316 (Kl... 

2.5/ 3/35 

2 c.cm. 

1. 

N 

0 Reacti 

on. 



8/ 5/35 

2 c.cm. 

Died of Rinderpest 










! 


on 10th day. 

296 (R)... 

25/ 3/35 

2 c.cm. 


Srd 

■ 0th 

100-rF. 

1'8'F. 

Recovered. 

18/,5/35 

2 c.cm. 

Died of Rinderiiest 











I 

on 9th day. 

303 (R)... 

2,5/ 3/35 

2 c.cm. 


N 

b Reactiion. 



18/5/ 35 

1 2 c.cm. 

Died of Rinderpest 


1 

1 


i 





j 



on 9th day. 


> 

s 

> 

H 

% 

W 

H 

M 

% 

M 

W 

Pi 

w 

H 




















JLOe 


TrtiJif)- 

-(mtimilj. 

Cattle 

Niib. 

biJEfflOS OF kcWE, 

EEAfflON, 

biMiTOT Test, 

Quantity 

1 of 1 per 
cent, 

„, Emnlaion 

i f. <(¥« 
N,i> 

.50 per cent. 
Glycerine- 
Mine, 

Pcrid 

Stored, 

! 

1.4,“ 

[ji^ wneil 

Peak 

temp- 

tiire. 

1 

1 

Rise 

in 

tern- ! Result, 

p-; 
tare, : 

1 

Quantity 

Date of D ], 

Injected. Went 

Blood. 

1 

1 

i 

1 

2 3 

' 

f 

5 0 

1 

j 

8 f 

10 Ml 12 

25314„ 

31/3/3.5 2c,cm, 

2 days at d2°F, 

No React! 

on. 

i 

i 

8 ' 5/35 2c.cin,: Died of Rinderpest 



followed tif 8 



1 

j 

on loth day. 



days at 84" to 



i 


2i5(L),„ 

31/3/3.5 2c.cra. 

rOi. 

3rd 3td 

104'0'F. 

Wl Recovered. 

8/ 5/35 2c,cm. Temperature 


1 





reaction only. 


1 

1 





Recovered, 

210(4.. 

31/3;35 !c,cm. 

1 V 

No Reaction. 


l8/ .5/.3,5 2c,eiu, Died of Rinderpest 







on 9th 4y, 

2.51(4,, 

31/ 3/35 2 c,cin. 


3rd fitb 

102-2"F, 

2'(PF, Recove,M, 

18/.5/35 2c,cra, Died of Rinderpest 


' ' ! 

1 

I 




on 84 day. 

3!6(K).„ 

31/ 3/35 2 c,ce 


No React! 

on, 

1 ! 

8/ 5/35 2c.effl, Died of Rinderpest 







on 9th day. 

3W(K),„: 

31; 3/35 2 c,cin. 


No React! 

on. 


8/.5 35 2c,cm, Died of Rinderpest 



j 




on 9th day. 

2I3{K),„ 

31; 3/35 2 c,ci. 


No Reii't! 

on. 


18/ 5,35 2c,cra, Died of Rinderpest 







on 9th day. 

1(K),., 

18/ 5/35 2 c,cm. 

i 

” 1 

1st : 2nd 

mi 

2'fF, Recovered, 

18/ 5/35 2c.cra, Died of Rinderpest 


oa lltli ivj. 








Table I, (Ejperimext I.) 

fo iefmine the mM/iiafiy properties of Hinhpest Goat Spleen IW/ie in the form of- 

(fl) 1 per cent, emtlm in oil per cent. Ghjeerine Saline, ih] 1 per cent, emnhion in \omal Saline. 

After Storage (1) for o days at 42° F. 

(2) tor 0 days at 82° F, 


Cattle 


tacnos 0? VwKE. 


Keacbos. 


Form of 
Vaccine. 


Quan¬ 

tity. 


Day 

of 

Initial 


Day 

Peak 

Reached. 


Peak 

tempera¬ 

ture. 


Rise 

in 

tempe¬ 

rature. 


Immunity Test. 


Date I of 
Injected. Virulent 


Result. 


M 

s 

w 

w 

yi 


402 (1). 
305 (K) 

0 ) 

0 357 (K) 
^ 408 (L). 


4(jO(L). 


19/8/35 

19/8/35 

19/8/35 

19/8/35 

19/8/35 

19/8/35 


355 (K) 
404 (L). 

409 (L). 
378 (K) 


70/(] 

19/8/35 

19/8/35 


2f.cm. j 

2c.cm, 

2c.cm. 

2c.cn). 

2c.en). 

2c.cm, 

2c.cm, 

2c.cm. 


I per cent, emulsion in 2c.cm. 
50 per cent. Glycerine- i 
Saline after storage for 
5 days at 82"F. 

' 2c.cm. 


50 pr cent. Glycerine- 
Saline alter storage for 
5 days at 42’ F, 


1 per cent, emulsion in 
Normal Saline after i 
storage for 5 days at 
42’F. 


N|o definite tiemperat 


lure reaction. 


9 / 9/35 i 2c.cffl. 


Slight temperature reaction. Re¬ 
covered. 


105'0’F. i 3 0’F. ; Recovered. 


: 103'0’F. 


3rd |105'4’F. 
4th 106'0’F. 


6th I 7th 


I 

2'4’F. I Recovered. 

4-6’F. ' Recovered. 
4 0’F. i Recovered. 


2nd 


2 ('.cm, Rise in temperature from 99■2’F. 

tol01’4T. Recovered. 

2 c,cm. Mild temperature reaction. Reco- 
I vered, 

2c.cm, I Immune, 


99/35 
9 9 35 
9935 

9/9 35 I 2 c,cm. I Immune, 


3rd 
I 5th 


102-2’F. 11-2’F. i Recovered. 
105'0’F.' 4d)’F. I Recovered. 


19/8/35 

19/8/35 


11 per cent, emulsion in 
Normal Saline after 
storage for 5 days at 


407 (L). 

373 (K) 

375 (K)j 19/8/35 
412 (L).! Control. 


19/8/35 

19/8/35 


2c.cffl, 

2c.cm, 

2c.cm, 


2c,fm, 

2c,cm, 

2c.cm, 


104'8’F. 

102'4’F. 


3-2’F. ! Recovered. 
1'2'F. , Ro'overal. 


9:9‘35 I 2c.cm. 
9 9 35 I 2 (‘.cm. 
9 9/35 ; 2c.cm. 


99/35 


2 ('.cm. 


Rise in temperature from lOO’F, to 
103’F. Recovered. 

Mild temperature reaction. Reco¬ 
vered. 

Mild temperature reaction. Reco¬ 
vered. 


105-47. Diarrhoea. Severe 
mouth lesions. Recovered. 


Mild tejmperatiire ireaction.; 


105’rF. 5-0’F. 
104’6’F. •: HI. 


Recovered. 

Recovered. 


9/9;35 

9/9/35 

9/9/35 


2 c,cm. 
2c.cni. 


103-6'F. j 2'FF. ; Recovered. 


I 


tolOl'S’F. Recovered. 
Immune. 

2c,cm. I Rise in temperature from 99’8’F. 
! ; tolOl'fi’F, Recovered. 

9;'9/35 ; 2c,cm. j Immune. 


3rd ! 5tli 105 4’F.: 3-8’F. Recovered. 

3rd I 5th j 104'4’F. i 3-4’F. I Recovered. 

Nio reaction. I I 


383 (K)l Control. 

i 

1 


9/9/35 I 
9,9/35 
9'9/35 

9/9/35 


99/35 


2c,em, I Immune. 


Immune. 

No reaction. 


2c.cm. 

2c.cm, 

2 (‘.cm, 

: to 103'21 on 7th day. Reco- 
j vered. 

2c,cra. Rise in temperature from lOO’F. 
I to 105’F, Diarrhoea. Mouth 
; lesions. Died of Rinderpest on 
i 9th day. 
































xxe 


Taile Id, (Experimeni 10,) 


jfo idmm tk 








i'jiraoK OF ta. 1 

i 

Rems, 


Ini'sm' Test, 

Cattle 


ffeiglit 

Day 

Day ; Peak 
Peak tempera- 
Reacked: tnre. 

Rise 


Date 

Qnantitv 



Date 

Injeeted, 

of 

Dried 

Period of 

Stored, Initial 

in 

tern- 

Resnit, 

of 

Iminunitv 

of 

Virulent 

Reaction, 



Spleen, 

Rise, 

peratnre. 

i 

Test, 

Blood, 

1 

1 


1 

! 

3 

1 

5 

6 

7 

8 

8 

16 

11 

12 

367 (K|„ 

21/1/35 

6'1 gram 

6 days. 

M 

,W 

IM'8'F, 

1'8’f 

Recovered. 

16/8/35 

2c.cm. 

Immune. 

356 (K|„ 

21/1/35 

6'1 gram 

6’days. 

2nd 

3rel 

i"F, 

3“F, 

Recovered. 

16/8/35 

2c,cffi. 

Immune, 

361 (K|„ 
3i5 (l)„ 

,5/6/35 

5/8/35 

6'62gram 

6'62gram 

1 days at Iff, 

1 days at Iff 

otk 

Itk 

N 

Ill5'ff 

0 reaction. 

.5'ff 

Recoveied, 

8/8/35 

8/8/35 

2c,cffl, 

2c,cm. 

Immune, 

Immune, 

318 (K)„ 

,5/8/35 

6'62grara 

li 

8Df 

i 

i)tJl 

IlfF, 

,5'F, 

Died on 
35th ilay 



Died of 
intercurrent 
disease. 

316(1),, 

381 (K)„ 

363 (K)„ 

,5/ 8/35 

Contralto 

Control to 

6'62gram 

k, ,161 and 

k 381,31 

Iksatf to 
8fF, 

,156. 

•5 and ,116, 

8tli 

13th 

IlkfF, 

I'F, 

Recowiv'd 

8/8/35 

16/8/35 

8/8/35 

2c.cni. 

2c.cm, 

2c.cin, 

Immune, 

Terairerature 
rise of 5’F, 
Destroyed on 
,5lhdayfor 
removal of 
spleen. 

Died of 
Rinderpest 
on 8th day. 















. 

>5'- 

taoSOI'VAfffll. 

■ 

. 

EeafTioy,. ' 

Ihi'sitvTest, 

We 

Nrak 

j 

'; ft'eiglit 

Date- of 

lajcfted. Dried 

Feried 

Stored. 

! ! 

1 Day 1 Peak 

(!. 1 i Peat ' Teei|w- 
Initial ,, 
iKeaened. tine. 
I!i«c, 

! 

Rise in 
tern- 
jiera- 

R»i, 

Date 

(luantitr 

of 

I'iralent 

Ke*iilt. 


Spleen, 


tiire, 

' 

j i 

1 

1 

i 

Hod. 

• 



1 

0 

ti 

3 

1 

0 

8 

I 

8 

9 

_ 

19 

11^ 

12 

il (L),. 

ip/35 

D’dlprain 

5 davs at IfF. 

3rd 

i 

idprF. 

2’rF, 

Rffovered, 

9/ 9/35 

2c.cin. 

Immiioe. 


19/ 8/35 

9'(l(l5»raiii 

11 t* 

3id 

5tti 

IM'fF. 

3'9’F, 

Recovered, 

9/ 9/35 

2 c,cm. 

Immune. 

|1(K)„ 

19/8/35 

(I'lgram 

11 '1 

3rd 

5tt 

II'W, 

3'rF, 

Recovered. 

9 9/35 

2o,cffl. 

Immune, 

3112 (R).. 
k (L)., 

19/8/35 

9'(l95graiii 

)' 1* 

U 

5th 

i'd^F, 

m. 

Recovered, 

9/9/35 

2c,cm. 

Imiie, 

19/8/35 

i'iip 

5 days at 82°F. 

5tt 

i 

193'2"F, 

I'fF. 

Reievered, 

9/ 9/35 

2f,cm, 

Immnne, 

i(L)„ 

19/8/35 

d'^piiii 


3rd 

5th 

192'fi"F. 

9'8’F, 

Recovered, 

9 / 9/35 

2 c, cm. 

Immnne, 

3111 (K),. 

19/8/35 

d# grain 

M M 

3rd 

il 

li'l'F, 

54'F, 

Recovered, 

9' 9/35 

2 c,cm. 

Immnne, 

;3i(K)., 
112 (L)„ 

i 

383 (R),. 

19''8/351 
Control, 

i ’ 

Control 

O'iigrain 

i 

! 

3rd 

3id 

195'?F. 

:3'fF. 

Recovered, 

9/9/35 

9 -1/35 

9/9/35 

2c,cm. 

2c,cni. 

2e.fni, 

Immune, 

Rise in 
templiire 

tairF, 
toi'fF, 
on 1th day, 
Recoreied, 
Died of 
Rinderpest 
onlhday. 


M 

h 

t 

■f 

% 

M 

K 

1 > 

H 

0 

% 

> 

0 

> 

H 

i 

* 


z 

w 

w 

K 

s 

* 
























IWECnOS OF TkI'S, 



REarrioN, 



iMir.siry Tbt, 

Cattle 

Niiiiil)er. 

Date 

InjcoteO. 

ffeiirlit 

of 

Dried 

Spleen, 

Period 
Stored 
at97'F 
after four 
days at 
4fF, 

Day 

of 

Initial 

Rise, 

Day; 

Peak 

Reaelied, 

Peak 

tempe¬ 

rature. 

Rise 

in 

tempe¬ 

rature. 

Result, 

Date 

of 

Iraraiinity 

Test, 

Quantity 

of' 

Virulent 

Blood, 

Eeaetion. 

1 

2 

3 


i) 

6 

/ 

8 

9 

10 

11 

12 

441 (K)„ 

12/12,1 

O'OOogiani 

3'days 

2nd 

9tli 

I03’F, 

3"F, 

Recovered, 

26 136 

2e,cm, 

Imiuime. 

440 (K)„ 

12/121 

(I'Ol gram 

3 days 

2n(l 

5tli 

105=F, 

.i’F, 

Recovered, 

26/136 

2c,em, 

Immune, 

434 (K|„ 

12/121 

O'Ol gram 

3 days 

2iiil 

Itk 

|II2'6=F. 

3“F, 

Recovered, 

26 136 

2e.fm, 

Immune, 

439 (R|„ 

15/121 

0-0l)5jirani 

4* 

6 days 

3rd 

4tli 

KIPF, 

I't^F, 

Reeovercd, 

26 136 

2e.era, 

Rise ill temp,-rature of 
4'2T, Diarrhoea, 
Severe mouth lesions 
Recovered, 

479 (K)., 

12/12/35 

O'Ol gram 

6 ilays 

4tli 

Otl) 

1(I3'I, 

3’F, 

Recovered. 

26/ 1 36 

2e.eui, 

Immune, 

461 (K|., 

471 (K),. 

12/121 

Control, 

Control, 

O'Ol gram 

i 

6 days 

j 

,1 

d indefiii 

i 

itctem|ieni 

tore reae 

tion. 

26/ 1/36 

26; 1/36 

26/ 1/36 

2e,eui, 

2e,em, 

2e,cm, 

Died of Rinderpest on 
13th day, 

Riseinterapewtureof 
4'8'F, Peak reached 
on 6th day. De¬ 
stroyed on 6th day 
for removal of 
spleen. 

Rise in temperature of 
4-6’F, Diarrhoea, 
Severe mouth 
lesions, Recovered. 













IWKm OF taB, 

Re.«, 

' 

ta. 

Cattle 











imk, 


Weiglt 

Dav 

Diy 

Peak 

Cine 


Date 

(fnantity 



Date, 

tejected, 

of 

Dried 

of 

Initial 

Peal 

RiFapnAM 

tempera- 

fiiroi 

in 

tempo- 

Reenlt. 

of 

Iramiinitv 

of 

Virulent 

Reaction, 


■' 

Spleen. 

Ik 

U'Vflillvll. 

Ullvt 

ratiire, 


Test, 

Blood, 


1 

2 

3 

1 


8 

1 

8 

8 

16 

11 

418 (K)„ 

3/1/38 

8'1 gram 

3rd 

54 

183T, 

3’8T, 

Recovered 

28/1/38 

2 c,em, 

Immune, 

488 (K)„ 

3/1/38 

8'1 grai 

U 

3nl 

183'2'F, 

4'2’F. 

Recovered, 

28/1/36 

2 c,cm, 

Immune, 

438 |K),. 

3/1/38 

8'81 gra® 

4tli 

14 

i4“F, 

24T, 

Recovered 

26/1/36 

2 c.cm, 

Immune, 

f(K).. 

3/1/38 

8'81 p 

4tl 

54 

1824“F, 

3'4“F. 

Recovered. 

28/1/38 

2 c.em. 

Immune. 

438 (K)., 

3/1/38 

8'i5 gram 

Ind 

efinite te 

iperatnre 

reaetion, 


28/1/36 

2 c.cm. 

Immune, 

4l8(R).. 

3/1/38 

8'i5 p 

3rd 

84 

183'2'F, 

4'2“F, 

Rewered 

28/1/36 

2 c,cm. 

Immie. 

443 (K),. 

3/1/38 

8 'il gram 

4tli 

84 

i'8’F, 

4’2'F. 

Recovered, 

28/1/38 

2 c,cm, 

Immune. 

482 (K) 

3/1/38 

8 'il gram 

4tl 

84 

1824’F, 

3'F, 

Recovered. 

26/1/38 

2 c.cm, 

Immune. 

431 (K)„ 

3/1/38 

8'8885graffl 

5tli 

14 

l82'rF, 

3’8'F, 

Recovered 

26/1/38 

2 c,cm, 

Immune, 

481 (R)„ 

3/1/38 

8'8i5grai 

54 

84 

1 '8”F. 

3'8’F. 

Recovcr.i 

28/1/36 

2 c,cm, 

Immune, 

458 (R),. 

Control 







26/1/36 

2 c,cm, 

Risein temperature ofl^'F, 










Peak reached on 84 day. 
Destroyed on 64 day for 
removal of spleen. 



411 (R)., 

Control, 








2 c,cm, 

Riseintemperatureofl'd’F, 











Diarrhoea. Severe mouth 
lesions. Recovered. 


H 

t 

d 

H 

N 

H 


> 

0 

M 

f* 

H 

1! 

3 

S 

3 
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Tawi U. (Expesiment li) 

To iekmitu (Ite mUlitij, mkr idrem fed coiiilitioin, of Goal Adoptd Einierpest Fif!/s in the form, of 
podtml fot spkcn irieil in eiinio orer Cakm Chlorik 

Metloi-Tbe virus was paelteil in ire in a Tliernios Jar whicli was storeJ at F. Tk ice was replenished 
on the fourth dav (when the temperature in the jar was dfi® F.) and the iasls replaced in the inciihator at 91® F. 
The testing of the virus was cominenced on the fdh day after ice was last put in the iasli, i.e. on the 9th day after 
it was first pacted in the Thermos Jar. 



Injection of Virvs. 



Rmtios. 


Immcnity Test. 

Cattle 

Niimher. 

Date 

Injected 

Weight of 
Dried 
Spleen. 

Number of days’ 

Thermos Stored Day of 
at OIT after Initial 

last filled Rise, 

with Ice. 

Day 

Peak 

Reached. 

Peak 

tempe¬ 

rature. 

Rise in 
tempe¬ 
rature. 

Result. 

Date 

Injected. 

Quantitv 
of ' 
Virulent 
Blood. 

Result. 

1 

9 

3 

4 


6 

1 

8 

!) 

10 

11 

12 

513 (K).. 

lO/t/,36 

O'01 gram 

Six. 

4th 

Otil 

Itlo'fF. 

5'0=F. 

Recovered. 

11/8/36 

2e.cm. 

Immune. 

.518(£).. 

10/1/36 

O'Ol gram 

Sis. 

3h1 

oth 

103'6'F. 

3'4T. 

Recovered, 

11/8/3) 

2c.cm. 

Immune. 

,521 (K).. 

10/1/36 

O'OOlgram 

Sis. 

3nl 

6th 

103'0'F. 

3'0=F. 

Recovered. 

11/8/36 

2c.cm. 

Immune. 

,5a5(R).. 

10/1/36 

O'OOlgram i Six. 

3k1 

oth 

103-0'F. 

3’0'F. 

Recovered. 

11/8/36 

2c.cm. 

Immune. 

.509 (R).. 

12/1/36 

0*01 gram 

Eight. 

4th 

i 4t h 

104'4‘F. 

i'lfl 

Recovered. 

11/8/35 

2e.cm. 

Immune. 

511 (R|.. 

12/1/36 

O'Ol gram 

Eiirllt,. 

3hI 

: 4th 

102’2‘F. 

2'f'F. 

Recovered. 

lip 

2e.em. 

Died of Rinder¬ 
pest on Oth 

flflV 

.512 (R).. 

,523 (R).. 

,51:5 (K)., 

12/1/36 

12/1/36 

M/1/36 

O'OOl gram 

O'OOl gram 

O'Ol gram 

Eight. 

Eight. 

Ten. 

3i(i 

1th 

No| 

No 

j 

1 

reaction. 

reaction, 

1 

1 3’8'F. 

i 

Recovered. 

i 

11/8/36 

11/8/36 

2c.cm. 

2e.cm. 

1 Mild temperature 
reaction. 
Recovered. 

Severe tempera¬ 
ture reaction 
with diarrhoea 
and mouth 
bions. 
Recovered. 

Severe tempera¬ 
ture reaction 
with diarrhoea 
and mouth 
bions, 
Recovered. 






























t5,iEcno!i OF ymrs. 

Riamos, 

iMi'sirr Tm, ■ 

Cattle 



Nnmtier of dav8 







Dnantitv 

of 

Viraleiit 


Nnmtier, 


!§ei{jitof 

Tliermoj Stored 

Day of 

Day 

Peak 

Rkin 


Dal* 

Injected, 



Injecletl. 

' ■' Drii 

Spleen, 

at HIT after 
last led 

Initial 

Rise, 

Peak 

Readied, 

tempe- 

ratiire. 

terape- 

ratnre. 

Result, 

Result, 

* 


1 

irithlce. 




! 



DIUl/U. 



1 


8 

1 

5 

6 

1 

8 

11 

Id 

1(K),. 

. 3 , ’ 

d'dl gram 

Ten. 

u 

itk 

IM’rF. 3fF, 

Recovered. 

11/8/38 

5I1|K).. 

li/p 

d'ilgram 

Ten. 


Nci reaction.; ' 

1 i 


11/8/38 

521(K)„ 

ll/p 

d'ilgram 

Ten. 


Nc 

reaetion. 



11/8/38 

5i(R)„ 

\m 

d'di gram 

Twlve. 


No 

reaction. 



11/8/38 

i 

5(1 (R).. 

ii)/p 

O'dl gram 

' 

Twelve. 


No 

react'ion. 



11/8/38 

IS9(R)„ 

m/p 

d’ddl gram 

Twelve. 


No 

reaction. 



11/8/38 

»(R)„ 

m/i/sii 

■ 

d'ddlgram 

Twelve. 


No 

reaction. 



ll/p 

€(R)„ 

18/p 

d'dl gram 

Fourteen. 

j 

No 

reaction. 



11/8/38 


I 2 (.cm, 


Immie. 


2 exit, 


2c,cit, 

2 c,cm, 

2c,cm. 


Iltli dav. 


Died of 


Idth day. 
Died of 


2c.ci, 


2c.cm. 


irpeit on 


i 12tyav. 













ISJECTION OF VffirS, 


Reaction 


Date 


Dried at HfF after 

tAlUl. Ini : 

I hpleen. i 

ivi' 


Day 

Peak 

Readied 


Peak ^Risfiai 


tempe- 

rate, 


tempe- 

ratine. 


: (Jaantity 
Date i of 


. I 


1 

2 

3 

I ( 

4 : 

1 

496 (R)„ 

18/1/38 

8'8I pram 

Fourteen. 

i(K)„ 

18/I;36 

8'881prara 

Foiirten. 

495 (K)„ 

18/136 

8'88ltrani 

Foiirteen. 

586 (R)„ 

18/1/36 

5" 

8'81 gram 

Not stored in 


reaction. 


118/38 2e,cm. Died of 

Rinderpest i 
12tk day, 

11 8 36 i 3c,em. | Died of 


ic,cm. 


.V, 


tiire reaction 
I iritli diarrlioea 


.3nl : litli iWT^I'lfF. ; Recovered 


: Remvered, 


588 (K)..; Controll for virus used in ImraiinitvM 


Control! 


Control for 
stored vinis 


3rd : 6tii 


3't'F. ■ Rerovered, 


111/36 ! 3c,tm, 


2c,em. 


for vims iiseld in Immiinitv Tied. 


!c,cm. 


2e,em, 


Imniune, 
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u in tk fm of ; 




ISJECTIOX of ?A®BE, 



Reactioa', 



liiiMimv Tesi 

M!e 

Niik 

Date 

Injected, 

1 

■' 

— s - - 

Weigttrf 
Dried 
, Spta, 

Day of 
Initial 
Rk 

Day 

Peak 

Readied. 

Peak 

tem])e- 

ratnre. 

Rise in 
tempe- 
ratine. 

Result. 

Date 

Injected, 

Period 

Since 

Injection 

of 

Taccine. 

Qirantity 

of 

Virulent 

Blood, 

Result, 

1 

2 

n 

0 

4 

5 

6 

1 

8 

8 

18 

11 

12 

453 (K).. 

8/12/35 

8'81 grai 

3rd 

otk 

184'8'F. 

4'2'F. 

Recovered. 

22/18/36 

318 days 

2c,ci, 

Immnne. 

445 (K),. 

9/12/85 

8'81 gram 

y 

5tli 

183'4'F. 

3'4'F. 

Recovered, 

22/18/36 

318 days 

2c,cm, 

Immune, 

4i|K)„ 

8/12/35 

8'01 gram 

3rd 

atk 

182'4'F. 

2'6'F. 

Recovered. 

22,/18/36 

318 days 

2c,cm, 

Immune, 

4441R),, 

i 

1 

\ 

8/12/35 

8'81 gram 

3rd 

5tl 

I84d'F. 

5'4'F. 

Recovered, 

22/18/36 

318 days 

2c,cm, 

Initial rise in tempera¬ 
ture on 18tk day, 
Riseof4'6’F, Re- 
wvered. 

428 (L)., 

8/12/35 

8'81 gram 

4ti 

a 

I81-8'F. 

2'8"F. 

Recovered. 

22d8/36 

318 days 

2c,cm, 

Immune, 

428 (L).. 

8/12/35 

8'81 gram 

ith 

Itk 

18D8'F. 

2'8'F. 

Recovered. 

22/18/36 

318 days 

2c,cra, 

Immune, 

423 (L),. 

8/12/35 

8'01 gram 

a 

Itk 

181'8'F. 

1'8’F. 

Recovered, 

22/18/36 

318 days 

2c,cm, 

Immune, 

422 (L),. 

8/12/35 

8'01 gram 

3rd 

fth 

182'4'F. 

3'8'F. ^ 

Recovered. 

22/ip 

318 days 

2c,em, 

Immune, 

418 |L),. 

8/12/35 

8/12/35 

8'81 gram 

3rd 

ath 

183'4'F. 

4'8'F. 

Recovered, 

22/18/36 

318 days 

2o,ci, 

Immune, 

418 (L),. 

8'81 pam 

3id 

6tl 

188'8'F. 

1'8'F. 

Recovered, 

22/18/36 

318 days 

2c,cm, 

Immune, 

468 (K),. 

8/12/35 

8'81 pam 

3td 

atk 

183'4'F, 

4'4'F. 

Recovered, 

28/5/31 

428 days 

2c,cm, 

Immnne, 

458 (K).. 

8/12/35 

8'81 gram 

3rd 

3rd 

183'(FF, 

3'8'F, 

Recovered. 

i/5/3I 

428 (lays 

2c,cm, 

Immune, 

448 (R).. 

8/12/35 

8'81 pam 

2nd 

4tk 

IM'2'F. 

4'8'F, 

Recovered, 

28/5/31 

428 days 

2c,cffl, 

Initial rise in tempe¬ 
rature on 5th day. 
Rise of 3'8'F, 
Recovered. 

432 (1).. 

8/12/35 

8'81 pam 

3rd 

8tk 

182'2’F. 

2'2'F. 

Recovered, 

28/5/31 

428 days 

2c,cm, 

Immune. 

438 (L).. 

8/12/35 

8'81 pam 

5tfc 

atk 

183'8'F. 

m. 

Recovered, 

28/5/31 

428 days 

2 c,cm. 

Immune. 

414 |L).. 

8/12/35 

8’8l gram 

3rd 

5th 

184'4t 

4'4'F, 

Recovered, 

28/5/31 

428 days 

2c.cm, 

Immune. 
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We 

Ntmljer. 

Date 

Injeeted, 

Wei»litof 

Day of 

Dav 

Peak 

Rise in 


Date 

Injected, 

Period 

Since 

Quantity 
of ' 
Virulent 



Dried 

Spleen, 

Initial 

Ri«e. 

Peak 

Reaeked, 

tempe¬ 

rature. 

tempe¬ 

rature. 

Result. 

Injection 

of 

Result. 









Vaccine, 

1 ) 10011 , 


1 

2 

3 

1 

5 

6 

1 

8 

9 

10 

11 

12 

113 (l|.. 

9/12/3.5 

O'Ol grain 

3rd 

5tl 

IM-O’F, 

1-1'F, 

Recovered. 

i/5/31 

li days 

2c,cm. 

Immune. 

121 (I|. 

9/12/35 

9'01 gram 


No 

reaction. 



i/5/31 

li days 

2c.cm. 

Immune. 

,317|K)„ 

Control. 







i/5/31 


2c.cra. 

Died of Rinderpest on 
8tli day. 

511 (K).. 

Control, 







i/5;31 


2c,om, 

Died of Rinderpest on 
8tli day. 

112 (R),. 

9/12/35 

9’91 gram 

3kl 

,5tli 

IM-rF, 

If F. 

Recovered. 

1/ 1/38 

155 days 

2c,cm, 

Initial rise in tempera¬ 

1 










ture on fth day. 
Rise of 2'0'F. 







1 






Recovered, 

112 (R).. 

9/12/35 

0|1 grai 

3nl 

5tli 

1()3-PF. 

1 

1-fF, 

Recovered. 

! 1/1/38 

155 days 

2c,cm, 

Initial rise in tempe¬ 
rature on Itk day. 












Rise of 2’0'F, 
Recovered. 

333 |l)., 

9/12/35 

0'91 gram 

1 3nl 

otll 

1-87. 

2-(fF, 

Recovered. 

1/1/38 

1.55 days 

2e,cm, 

Immune, 

321 (L).. 

9/12/35 

O’dl gram 


No 

reaction. 



1/1/38 

1 1.55 days 

2c.cm. 

Immune, 

251 jL),. 

9/12/35 

9'91 grain 

3rd 

5tli 

\Ml 

2’9’F, 

Recovered, 

1/ 1/38 

1.55 days 

2c.cra. 

Immune, 

331 (l|.. 

9/12/35 

O’Ol gram 

3rd 

Itk 

1-fF, 

1'2’F. 

Recovered, 

1^ 1/38 

1.55 days 

2c,cm. 

Immune, 

582 (R).. 

Control, 







1/1/38 

2c,cm. 

Died of Rinderpest on 











8tk day. 

1(R)., 

Control, 







1/ 1/38 


2c.cm, 

Rise in temperature of 


1 

I 



i 

1 1 



i 

I 

! 


l-PF, Severe 
moutk lesions. 



Recovered ^ 
-- > 

















Table lli, (Experiment E) 


Ifijfnioii OF taE. 


IsjEcnos OF Ms, 


Cattle Nnmkr, 

Date 

Injected. 

Quantity of 
Dried Goat 
Spleen. 

i 

Interval after 
Injeetion of 
yaeeine. 

’ Quantity of 
Dried Bovine 
Spleen, 

Eesult. 

l' 

I 

2 

1 

3 

; 

4 

1 

5 

8 


38 I (I'® jram 12 lioors. 
18 U'dilpm fikiuB.. 


i2i) paiii 21 brs, 
ilgrani 24 bis. 


I025paiii 38 kins, 
i gram 48 kins 
Bgram 48 km. 
125 mm 81) kms. 


8'(l82o gntni Hays.. 
I'd gram Hays.. 
B'iii gram Hays.. 
I'd gram Hays, 
i'dil grami lilays.. 
B’do gram I 9 days. 
§■(1825 gram; 9 days. 
9'995 gram 111 days.. 
O'tlo gram i 11 days., 
ol. ilnjectfdni 


9'91 gram Diarrloea, Eacovered, 

9'91 gram .He? small alceis m moai Recovered. 


gram Ko reaction, 


9'9I gram No reaction, i 

9'91 gram No reaction, 

9'91 gram DiedofEindei 


9'01 gram No reaction, 

9'91 gram No reaction. 

8'91 gram No reaction. 


9'91 gram | No reaction, 
9'01 gram | No reaction, 
9'91 gram ^ No reaction. 


8'91 gram I Died of Einderpest on 14tli day. 







































I pm 


Tit (Jefftiiitiie the iniiiiiini'j'iiij nihie iif (mi Aikiitcd Eiuiki-iH’sf rlriis in the form of poinlfrd iiplm dried 
in rartni nri'r Cillivini Chloride and ,dored altenwteljj for 12 liMm at 8(P F. and for 12 hours at F. 


In-ieotion of VAceiNE. hnii'NiTY Test. 


Catlle Nunilier. 

Date 

Injected. 

M'eight of 

Dried ; Period Stored. 

Spleen. | 

Date 

Injected. 

Quantity 
of ' 
Virulent 
Blood. 

Result. 

1 

■) 

3 : 4 

5 

6 

7 

.i81 (R). 

21/3/38 

0*0025 gram i 6 davs. 

214.38 

2c.cni. 

Pronounced temperature reaction. Reco¬ 
vered. 

578 (K). 

21/3/38 

0*0025 gram 6 days. 

21/4/38 

2c.cni. 

Died of Rinderpest on 13tli day. 

574 (R). 

23/3/38 

; 0*0025 gram ; 8 days. 

i 21/4/38 j 

2c.cm. 

Died of Rinderpest on Oth day. 

575 (R). 

23/3/38 

1 0*0025 gram 8 days. 

21/4/38 

2c.cm. 

Diarrhoea. Mouth lesions. Recovered. 

,566 (R). 

25/3/38 

0*0025 gram ^ 10 days. 

I 21/4/38 1 

2c.cin. 

Died of Rinderpest on 9th day. 

570 . 

25 3/38 

0*0025 gram 10 days. 

: 21/4/38 ^ 

2c.cm. 

Diarrhoea. Mouth lesions. Recovered. 

568 (R). 

27/3/38 

0*0025 gram 12 days. 

I 21/4/38 

2c.cin. 

Died of Rinderpest on 14th day. 

569 (R).: 

27/3/38 

; 0*0025 gram i 12 days. 

121/4/38 ! 

2c.em, 

Died of Rinderpest on 14th day. 

,587 (R). 

28/3/38 1 

0*0025 gram ,] Vaccine stored i 
1 Control y for 14 days 

121/4/38 ^ 

s i 

2c.cm. 

Immune. 

594 (R). 

28/3/38 J 0'0025 gram ij at 42'F. 

21/4/38 ^ 

2c.cm. 

Immune. 

603 (R). 

Vir us control ' 

1 i 

21/4/38 1 

2e.cm. 

Died of Rinderpest on lOth day. 


Table 18. (Experiment 18.) 




Injection of Vaccine. 

Immi'nity Te,st. 

Cattle NuiiiIkt. 


M’eight of 



Qiiantitv 



Date 

Injected, 

Spl»n 

I'lilp 

IVrinilSlawl 
at 37"('. 

Diitf 

Itijodod. 

of 

Virulent 

Result. 



Injected. 



BW, 


) ! 

1 

3 1 4 

5 j f) 

1 

7 

,559 (R). 

25/3/38 

1 gram 

4 days 

21/4/38 

2c.cra. 

Died of Rinderpest on 11th day. 

584 (R). 

25/3/38 

1 gram 

4 days 

21/4/38 

ic.cra. 

Died of Rinderpest on 13th day. 

,588 (R). 

27/3/38 

1 gram 

6 days 

21/4/38 

3c.cm. 

Diarrhoea. Mouth lesions. Recovered. 

,593 (R). 

27/3/38 

1 gram 

6 days 

21/4/38 

2c.cm. 

Died of Rinderpest on llth day. 

,597 (R).. 

5/4/38 

Igram 

15 days 

21/4/38 

2c.cm. 

Diarrhoea, Mouth lesions. Recovered. 

.595 (K). 

5/4/38 

1 gram 

15 days 

21/p 

2c.cm. 

Died of Rinderpest on 10th day. 

6i(R). 

10/4/38 

1 gram 

20 days 

21/4/38 

2c.cm. 

Died of Rinderpest on llth day. 

,598 (K). 

10/4/38 

1 gram 

20 dfl,VR 

91 

.)n«« 

. A,. 





























































IMMUNIZATION AGAINST RINDERPEST. 


7uiu Attj* 19 *^. 



Figure 1.—Ij'our typical temperature charts of cattle used in the passage of the 
Kungyangon cattle virus, 

I = Injection of virus. 


322 


■J'^Died of rinderpest. 







Figure 2.—Four typical temperature charts of goats used in the passage of the 
goat adapted rinderpest virus. 

j=Injectiou of virus. •f■=Died of rinderpest. 


IMMUNIZATION AGAINST RINDERPEST. 




Figure 3.—Six typical temperature charts of a batch of goats used in the 
preparation of dried goat spleen vaccine. 

I = Injection, of virus. D = Destroyed. 
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HMU^7ZATI0N AGAINST RINDERPEST. 




193 5. Ocr. 






J 

irt 

2 


*> 

9> 


Kigure 6.—Number of eattle inoculated uitli dried goat spleen vaccine from 
October, 1935, to March, 1938. 


327 

























IMMUNIZATION AGAINST RINDERPEST. 





B 






o*r.i9is. /Vov- 


4. Fefa. Ap^H 


Jun« 


Aug. 




Figure 7,—Chart showing the monthly maximum and minimum room and shade 
temperatures at the Veterinary Research Laboratory, Insein, 
over one year. 


A=Shade temperature. 
B = Room temperature 
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BBBBBBBBBBBBBBBBBBBBBBBB 


/ khUlHt 1/khholn |/z|/3|/<^|/r|fc|ir|//|'5|io|if|2i|^3|J<^|^y|i(,|2rl4f|^^ ? 


figure S.-iliart s.liowiiig the daily maxiiiiiiiii aiiJ iiiiniiiiiini room temperatures 
at the Veterinary lleseareh liahoratorv. Inseiii, in January (eold 
weather), April (hot weather), and Jiilv (raiiiv weather). 
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i. M. from foals affected with dysentery 333 
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Onderstepoort Journal of Veterinarif Science and Animal 
Industry, Volume 11 , Number 2, October, 19?18. 

Printed in the Union of South Africa by tlie 
Government Printer, Pretoria. 


The Isolation of Cl. Welchii, Type B, from 
Foals affected with Dysentery. 


By ff. H. MASOJS , Sec tion of Brotozoology and \ inis Diseases, and 
K. M. liOBlNSn^, Seel ion of Bacteriology, ()nderste])oo]i. 


To our knowledge tlie only lefcvrtnice 1o the occurrence of “ lamb 
dysentery ” (bloed])ens) in foals is that of Montgomerie and 
Howlands (19dT). 1'hey record tliat the only abnoiinality seen in the 
foal they examined was “ an acute* congestion of tlie small intestine 
throughout its length with numeious disci*ete ulcers of the mucous 
membrane ”, From these ulct‘rs they succeeded in isolating 
Cl. irelchii. Type B, We have had one exiierieiue of the same 
disease in foals and the following communication summarizes our 
findings. 


IIlS'JDKY (/F TUF DiSEASK. 

The two outbreaks of which we have knowledge occurred in the 
foals of a thoroughbred stud farm in the Chipe Province, in an area 
in whi(‘h lamb dysentery is present, but although about dO ewes were 
running on this farm none of theii' progeny di(‘d of the dist*ase nor 
could a previous history of the illness be elicited. 

A[)parently the disease made its appeaiance on this iiarticular 
farm in 19M(), and at the time of the field investigation it was stated 
that a like condition had not been seen on othej* stud faJins of 
the district; how(*ve]-, incjuiries made sxibsecjuently elicited the 
information that it had occurred occasionally. 


Jhe 19JjO Outbreak. 

Forty-three foals were born in tin* season and seven died of 
dysentery. In five instances the mares were from 9 to 2d days oAerdue 
and in two cases they foaled at full term; thus late foaling was not 
necessarily a factor in the causation of the disease. The foal of the 
nineteenth dam was the first to be infected, after Avhich cases occurred 
right up to the end of the season. Foaling took place in loose boxes, 
the floors of which were covered with dry poAvdery horse dung, over 
Avhich, in some instances, straAv was spread. 
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The 1937 Outbreak. 

The outbreak commenced at the beginning ot the foaling season 
and at the time of the visit of one of us (E.M.R.), 7 of 17 foals had 
died. One would have been justified in predicting a 50 per cent, 
morbidity rate in the foals of the 26 mares which remained to foal 
if no preventive measures were taken. As in the UhK) outbreak, some 
mares carried their foals over time, but this appeared to have no 
etiological significance; all were in pood condition and had adequate 
milk. The in-foal dams were kept in a large, bare camp and daily 
received hay thrown on the ground. When due to foal they were 
transferred to a small eiudosure near loose boxes and allowed to foal 
there; on the ground of this enclosure a considerable amount of 
dung had been allowed to collect. 

Symptoms .—In all the foals involved in the and ll)'17 out¬ 

breaks symptoms were noticed within 48 hours after birth and, as a rule 
death sujiervened within a further 24 hours; however, one affected 
foal lived for 5 days. Between the 24th and the 48th hour after 
birth the foal sto])ped sucking and appeared to be in pain; diarrhoea 
was marked, the faeces being veiy fluid in consistency and reddish- 
brown in colour,. The animal gradually became weaker and died in a 
comatose state about 12 to 24 hours later. This description, given by 
the manager, w\as confirmed in a foal seen by one of us during the 
field investigation ; it may be added that the temperature w as normal 
and that, just before death, the breathing wuis very rapid. 

/\itholo(jlcal Change .^.—Two foals which had died of dysentery 
were autopsied, and, in both, the only macroscopic. lesions noticed 
w^ere in the alimentary tract. The small intestine was markedly 
hyperaemic, the wall showing a number of dark red spots (?- 
commencing ulcers) up to a centimetre in diameter. These wore 
more frequent in the ileum than in any other portion ot the small 
gut, but at no level was actual ul(*eratiou present. The caecum 
and colon were only slightly hyperaemic and the intestinal contents, 
from the small intestine to tlie rectum, were fluid in consistency 
and dark red in colour. 


The Isoi.ation of Cl. welchii, Type B. 

The Idood and internal organs yielded, in artificial culture, no 
germs of a pathogenic nature and, although a special search was 
made for paratyphoid bacilli, none were found. Another probable 
cause was a member of the Cl. ivelchii group of anaerobic organisms, 
and from the small gut contents of two foals we succeeded in isolating 
such a germ. 

Foal 1. 

The supernatant fluid of the centrifuged intestinal contents was 
lethal for mice (intravenous injection) in a dose of 0 01 cc. Type A 
antitoxin, type B, 1930 variety antitoxin (i.e. containing the alpha 
and beta but not the epsilon fraction) and type D antitoxin had no 
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apparent neatraliziiig effect on this material; type B antitoxin 1922 
variety (i.e. containing the epsilon fraction in addition to the alpha 
and beta) and a mixture of types B, 1980 variety and I) antitoxins 
neutralized the toxin contained in the supernatant. 

By appropriate methods, a pure culture of a welch-like germ was 
isolated, and toxins were prepared by growing it in donkey-flesh meat- 
broth for one and for five days respectively. Antiserum was prepared 
by hyperimmunizing a goat with the one-day toxin. 

Mor])liologically and culturally the culture isolated could not 
be distinguished from known strains of Cl. welchii, type B. Its 
fermentative reactions were as follows:—Acid and gas production in 
saccharose, galactose, lactose, laevulose, and sorbite; acid without 
gas in glucose, maltose, and glycerine (slight); and no reaction in 
mannite, dulcite, and inulin; gelatin and TiOeffler’s serum medium 
were licjuefied, inspissated horse serum was pitted but not liquefied 
and litmus milk reacted with a stormy fermentation The post¬ 
mortem picture in a guinea-pig killed by the intramuscular inoculation 
of 1 (I cc. of an 18 liours’ broth culture was, in all respects, similar 
to that |»roduced by Cl. welrhit\ tyi)e B. 

Table 1 records the results obtained by titrating the one-day toxin 
(precipitated with ammonium sulphate and dried) against various 
antitoxins. 


Taulk 1. 

Amounf of Vorions A nfito.rins Required to Neufralize the 
( hi e-fla y Toa'in . 

(M.L.D. of toxin-0-002—0 003 cc.) 


Neutralizing dose of antitoxin (cc.). 




Type B 

Type B 



Toxin 

Type A 

1930 

1922 

Tv})e B 

Tvi)e 0 

(cc.). 

GG 2748. 

variety. 

1789’. 

variety. 

02540. 

‘op. 

Ex 15. 


0-005. 

>0-1 

— ; 

. — 


— 

— 

0-1. 

— 

>01 i 

0 02 

0 04 

— 

0-04 

0 025. 

— 

00015| 

— 

— 

— 

— 

0-003. 

— 

i 

— 

i 

>0-1 

1 


(G.G.2748, C.2540 and Ex 15 were obtained from the Wellcome 
Laboratories; C.2540 was a current issue of lamb dysentery 
antitoxin; type B, OP was a mixture of type B 1930 variety and 
type D antitoxins made at Onderstepoort; “ foal antitoxin was 

made by hyperimmunizing a goat with the one-day foal culture 
toxin.) 
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These results show that the toxin was of the lamb dysentery or 
bloedpens bacillus type (see Mason, 19d5). Types A and D antitoxins 
(0 1 cc. amounts) did not neutralize 1 M.L.D.; type B antitoxin 
(C.2540 0*02 CO.), containing the beta and the epsilon fractions, 
neutralized about 50 M.L.T).; 0*1 cc. of type B antitoxin (1789), 
devoid of the epsilon fraction, did not neutralize 50 M.L.D. but 
0*0015 cc. was effective against about 10 M.L.l). Mice which received 
01 cc. of a mixture of 0*5 cc. of toxin and 0 5 cc. of 1789 antitoxin 
died, whereas those receiving 0 05 cc. lived. A series of mixtures 
were made, each containing 0*1 cc*. of toxin and 01 cc. of 1) (Ex 15) 
antitoxin and to each of these mixtures different amounts of 1789 
antitoxin were added; under these conditions 0 003 cc. of the latter 
antitoxin produced neutrality. These experiments show that 01 cc. 
of toxin contained about 2 M.Ii.l). of the epsilon toxic fraction; if 
tliis portion was neutralized with a type D antitoxin, a relatively 
.small amount of a noii-anti-epsilon-containing type B serujii was 
effective against a test dose of about 50 M.L.T). of the foal ’’ toxin. 

In Table 2, the results obtained in titrating the five-day toxin 
(precipitated and dried) are given. 

Tabi f. 2. 

Amount of Yariotts Antito^riu.s Required to Yevtrolize the 
Fire-day Toxin, 


(M.L.l). of toxirj - O OOa- 0 004 cc.) 
Neuiralizing dose of antitoxin. 


Toxin 

(cc.). 

Type A 
GG2748. 

Type B 
19:10 
variety. 
1789*. 

Type B 
*1922 
variety. 
C2.')40. 

Type B 
OP. 

Type 1) 
lix 15. 

Foal. 

0 003. 

01. I 

>0-1 

>01 

i 

0 04 ! 

0-08 

0 00 

0-015 


The results' given above show the five-day toxin consisted, 
probably entirely, of the epsilon fraction. No titration to detect 
small amounts of the beta portion was conducted and the alpha 
fraction was not investigated. 

The reciirrocal toxin-antitoxin titration was carried out by using 
the one- and the five-day toxins of the bloedpens strain of 67. welrliii, 
type B, and an antitoxin made in a goat with the foal strain. One of 
us (Mason, 1935) has already shown that the bloedpens strain is 
serologically identical with the original lamb dysentery organism. 
The results were as follows:—0*1 cc.-0*15 cc. of serum neutralized 
TOO M.L.D. of the one-day toxin and 0*004 cc. neutralized 60 M.L.D. 
of the five-day toxin. 
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Foal 2, 

The supernatant fluid of the spun contents of the small intestine 
was not lethal for mice, on intravenous injection, in a dose of 0*1 cc. 
A welch-like germ isolated from this material was identical 
morphologically and culturally, with that obtained from foal 1. A 
detailed serological examination of the toxin was not c-arried out 
hut it was shown that a test dose of a one-day toxin, containing at 
least 10 was neutralized by type B antitoxin, 1922 variety 

(C.2o40) and by a mixture of type B, 19^10 variety (1789) and type 1) 
(Ex 15) antitoxins, but not by either separately. 

Preveniuon. 

Between visiting the farm and establishing a diagnosis 11 foals 
(Nos. 15-26) had been born and none had developed dysenteiy; foals 
12 and 14 had died during the visit. Although anti-seium was sent 
oh immediately the causation was kiiowii, only one foal received an 
injec tion and this, weak at birth, developed dysentery and died. One 
other foal (No. 67), not passively protected, succumbed to the disease. 
Tt is fortunate that the farm managei omitted to use the antitoxin 
because, if he had used it, we might have attributed the lowered 
disease im idcnce to tht* ehect of the seimni and not to ()tlu*r causes. 
It is i)ossible that ihe recommendation to pernnt foaling only in the 
ojjen resulted in a reduction in the losses from 7 out of Ihe first 17 
foals to 2 out of the following 26. However, it is probable that the 
iiifectioit va.s ])i'eseni (even if in less degree) in the foaling camp 
as well as in Ihe boxes because the disease occuried in two foals 
which had not been near boxes. 


SUMMA UY. 


An outl)reak of dysejitery in foals is recorded. The symploms 
and i)ost-mortem lesions have much in (‘ommon with those of la ml) 
dysentery. From the intestinal contents of two foals, CL welchiL 
type B (the lamb dysentery or bloedpens bacillus) was isolated. 
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Studies on the Alimentary Tract of Merino 
Sheep in South Africa. IV.—Description 
of Experimental Technique. 


By J. 1. (iUlN aiul .). (i. VAN DKB WATIl, Sertion of Physiology, 
and 8. MYBXnidll, Section of lUoelieniistrv, (ln(lerste])oort. 


InTUODUC TION 

In the first two papers wliieli appeared under this series (Mininio- and 
Quin, 19dd, 1935), niethods were described whereby the process of 
deglutition and the closure of the oesophageal groove was studied in 
Merino sheep. Various selected substances were dosed on to the 
back of the tongue of experimental animals and followed within 
short intervals by some indicator powder sucli as red oxide of 
mercury. All animals were slaugliteied immediately after dosing, 
and the forestomachs, abomasum and intestines opened and examined 
for the presence of the indicator powder. By tliis procedure con¬ 
siderable information was gained as to the peculiarities of the 
oesophageal groove reflex and the route followed by materials in 
their passage along the digestive tract under varying circumstances. 

In the third paper (Besselaar and (luin, 1935), the results were 
discussed of experimental bowel anastomosis in sheep. By this 
method, measured lengths of either large oi* small intesiine were 
extdiided from function tlirough a short circuiting of the bowel. 
This afforded a means of assessing the signifi(*ance of a decrease in 
the digestive and absorptive surface to general body e(*onomy. 

As various other aspects of ruminant digestion are also under 
investigation, the present paper is devoted mainly to a descrip)tion 
of some further experimental methods which the authors are 
adopting in the study of this subject. 

Digestion in ruminant animals is admittedly a more compli¬ 
cated and more protracted process than that occurring in most of 
the other species of mammals, and consequently our knowledge in 
this respect is less (‘omplete than that concerned with the digestion 
of man or dog. Thus, very little is as yet known about the degree 
and significance of the predigestion of foodstuffs occurring within 
the forestomachs as a result of bacterial and possibly other types of 
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fermentation when rompared with the true digestion which follows in 
the abomasum and upper levels of the small intestine. Similarly 
little is known about the activity of the digestive juices secreted 
from the true stomach and intestines of ruminants in comparison 
with those, for example, from the dog, although in most text books 
it is assumed that the processes are identical. With regard to the 
fundamental factors concierned in absorption from, and excretion 
into the digestive tract of ruminants our knowledge is equally 
incomplete. 

It was for the above reasons, therefore, that experiments were 
devised primarily with the object of obtaining a clearer insight into 
the functioning of the different levels of the digestive tract of 
ruminants. For this purpose well-grown, adult, wether Merino sheep 
were selected in the majority of experiments, although a few bovines 
were also included in some aspects of the work carried out. 


Experimental Procedure.—The Creation of Bowel Fistulae. 

As an experimental method, the extensive use of bowel and 
salivary fistulae was first introduced by Pavlov in his classical work 
on digestion which was conducted mainly in dogs. By this method, 
he was able to gain an insight into the various phases of digestion 
w'hich up till then had been largely shrouded in rnyvstery. To-day 
the fistula method is well established as a means of investigating 
the digestive tract, although it is still largely confined to such 
animals as the dog. Thus, in ruminants it has so far only found 
limited application except as a means of studying the moiility of 
the rumen and other forestomachs. In sucli cases large open fistulae 
are usually created by uniting the incised rumen with the abdominal 
skin in a flank operation. Wester (1926) exclusively used this method 
in his well-known work on the motility of the forestomachs and the 
closure of the oesophageal groove in cattle. Likewise did Schalk and 
Amadou (1928) and also Bergman and Dukes (1926) utilize this pro¬ 
cedure in their researches. Recently, Krzywanek and Quast (1936), 
working on sheep, reported good results by using the improved 
double method of Bruggemann (1935) as baseti on the original device 
suggested by Morat. 

Apart from the above-mentioned fistula methods, various other 
procedures have from time to time been adopted. Thus Czepa and 
Stigler (1929), working on goats, followed the onward movement of 
contrast mixtures through the forestomachs and abomasum by means 
of Ilontgen ra^ photography. A similar method was adopted by 
Magee (1932) in his studies. 

A third method- which has found favour with some workers 
consists in the opening of the abdominal cavity of narcotised experi¬ 
mental animals in a bath of saline raised to body temperature. This 
allows of a close visual inspection of the bowel movements as well as 
their recording by means of cinematography. Thus far Mangold 
and Klein (1927), and more recently Dukes and Sampson (1937), 
all working on sheep, have recorded the results obtained by this 
procedure. - ^ 
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The method adopted in our experiments consisted in the creation 
of “ closed ” fistulae at various levels of the digestive tract in 
contrast to the open fistula method as commonly used on 
ruminant animals. For this purpose various types of cylindrical 
fistula tubes, mounted with a flange at one end, have been experi¬ 
mented with, the shape and size of the tube depending on whether it 
Avas intended for use in the rumen, abomasum, small intestine or 
large intestine. Of the metal tubes used, both the aluminium, and 
the chromium plated brass tubes proved rather disappointing since 
after being in the bowel for some time, sloughing frequently followed 
corrosion of the tubes either by the acids or alkalis elaborated in the 
tract. At other times, again, electrolysis would result in the 
deposition of materials at the internal opening of the tube thereby 
blocking it up. Thus far the tube which has given the minimum 
amount of trouble, especially as used in the rumen and caecum, is 
one turned up in a lathe from a cylindrical block of ebonite and 
provided with a wide flange at one end. Such tubes, not being sub¬ 
ject to corrosion and electrcdysis, are found to remain in their proper 
position in the body more or less indefinitely (see photo No. 1— 
ebonite tube on extreme right). For use in the rumen, a tube 
() cm. long, with a bore of 1*5 cm. and a circular flange of 4 cm. 
diameter, has so far given very satisfactory results. Correspondingly 
smaller tubes of the same pattern are used in the abomasum and the 
(aiecum. For the small intestine, much narrower tubes are employed, 
these being inounted with an oval boat-shaped flange at one end. 
In each case a slight hollowing out of the flange, thus presenting it 
with a turned-up appearance, has been found to be advantageous. 



Photo No. 1.—Bowel fistula tubes of different types. 


Insertion of the Fistula Tube into the Bowel. 

During a pre-period of 4 to 6 weeks, selected animals are penned 
off individually and kept on a constant ration of 360 grams crushed 
yellow maize and 300 grams hay daily. All animals are completely 
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starved for 24-48 hours prior to operation, during which time the 
abdominal skin is clipped and shaved. The left flank is thus cleaned 
whtui a rumen fistula is to be inserted, wheieas for all other intestinal 
fistulae the right flank is utilised. Ahomasal fistulae, however, are 
brought out in the mid ventral position about 8 cm. posterior to the 
Xiphoid cartilage. 

In each case general anaesthesia is induced through slow intra¬ 
venous infusion of 10 per cent, choral hydrate in saline, narcosis 
being subsequently maintained with li«ht ether inhalation, should 
this be necessary. Full aseptic precautions are observed throughout 
the operation, which comprises a laparotomy through either flank 
about 5 cm. l)ehind and jiarallel to the last rib except in the case 
of an ahomasal fistula, where a mid ventral opening is resorted to. 
For the creation of a rumen fistula the dorsal aspect of the dorsal 
ruminal sac is invariably selected. This part of the rumen, after 
being withdrawn through the abdominal wound as far as possible, 
is firmly caught up in a pair of long curved bowel forceps guarded 
with rubber tubing on both limbs. IT^ing No. 1 gut on an eyeless 
needley an oval purse string xiattern is sutured through the muscular 
layer of a small selecied part of the ruminal wall. See ])hoto No. la. 



The ebonite tube, sterilised by boiling, is mounted with a short stout 
Xriece of rubber tubing af its thin end iDrior to its insertion in the 
rumen. A short slit is made through the rumen in the centre of 
the purse string suture through w^hich the flange of the tube is then 
passed by slight stretching of the ruminal wound. This is followed 
l)y invagination of the lips and a tightenmg of the suture. Usually 
a second purse string suture is applied just above the first. After 
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that, the free end of the tube is passed through a small slit made in 
the omentum which in this way is made to cover the ruminal incision. 
Next, a point on the skin is selected high up in the angle formed 
between the last rib and the transverse processes of the lumbar 
vertebrae. A stab wound is made at this point into the peritoneal 
cavity. By means of two pairs of long artery forceps passed through 
this wound, the rubber mounting oii the fistula tube is securely 
gripped and the tube withdrawn through the stab opening as far as 
possible, llhis ensures a close contact between the rumen and the 
parietal peritoneum immediately around the flange of the tul)e. This 
contact is subsequently maintained by a collar of cotton wool tied 
down tightly round the tube between the rubber mounting and the 
skin. This is followed by closure of the lapaT’otomy wound by tliiee 
layers of continuous gut sutures one layer each for the peritoneum, 
muscle and skin respectively. The only dressing applied to the fresh 
wound is a thin film of collodion-iodoform. Healing in ])ractically 
every instance follows by first intention. A firm circular adlmsion 



Photo No. 2.—Slieop with “ closed ” ruminal fistula. 


is thereby established round about the fistula tube, usually no more 
than 6 cm. in diameter, uniting the rumen, omentum and parietal 
peritoneum within a few days. For the first three or four days 
following the operation, animals are usually kept on a light diet of 
green feed after which they are immediately returned to the standard 
lal)oiatory ration of lucerne hay and maize, all animals being fed 
and watered individually in single i)eiis. The tubes aie kept closed 
by tight-fitting rubber stoppers inserted into the’* rubber mountings 
stretched over the ebonite tubes. Apart from periodic cleaning up 
of the outside of the tube, which may become slightly soiled, no 
other attention is required. Such tubes usually remain in position 
for an indefinite period. Thus several sheep carrying tubes for two 
years and over are included in the flock of fistula animals. (See 
photos Nos. 2 and 3.) Photo No. 4 is that of a bovine with an open 
ruminal fistula. 
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Photo No. 3.—Sheep with closed abomasa! fistula. 



Photo No. 4.—Bovine with open ruminal fistula. 


AA/ith regard to the insertion of tubes into the intestines, an 
essentially similar^'technique is followed except for minor modifica¬ 
tions. The intubation of the caecum is generally quite satisfactory, 
the tube remaining in position very well. In the case of the small 
intestines, the walls of which are extremely thin in sheep, only small 
tubes can be accommodated. Even so there is a tendency for such 
tubes to slough some weeks to some months after their insertion, 
although the fistula opening in the skin may remain patent much 
longer. Up to the present, however, ouiLmain attention has been 
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devoted to the study of rumen function and hence to the creation of 
rumen fistulae. All animals are weighed weekly and weight curves 
plotted. 1 rom these data and from the general appearance of the 
animals, it may be stated without hesitation that the nutritional 
condition is in no way adversely affected by the presence of the tube 
in the rumen. 


Thus far various aspects of rumen function have been investi¬ 
gated on a small flock of 15 to 18 sheep with ruminal fistulae. It is 
now intended to describe in some detail the technique followed in the 
study of each of these phases. 


\^a) Kjj mo graphic Record ini) of Ruminal M ovement. 

Jor this purpose the usual balloon and tambour method was at 
first so modified as to allow easy registration at any selected pressure 
level. Of the difl'erent balloons tried, the ordinary round or oval 
toy balloon, with a capacity of 60 c.c. at 10 mm. Ilg. pressure, was 
found to yield satisfactory results. One end of a 15 cm. length of 
thin glass tubing is inserted into The neck of the balloon and this 
securely tied down on to the tube by a strand of cotton. To allow 
insertion into the rumen, the deflated balloon is first rolled up so 
as io form a small scroll whi(;h, wilh the help of a thin probe, is 
then easily pulled ihrough the fistula tube. By gently blowing into 
the glass tube attached to the balloon, the latter thus l)ecomes 
unfolded in the iiimen, immediately below the flange of the fistula 
tube. 



Photo No. 5.—Apparatus for recording ruminal movements. 
Balloon and tonometer method. 
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By means of a length of thick-walled rubber tubing, the balloon 
is connected up with a spring tonometer mounted on a wooden board. 
By using suitable Y piece connections, this again is brought into 
commiini(;ation with a pressure bulb of the type used for inflating 
the arm band of a sphygmomanometer. From here another length 
of rubber tubing leads on to a membrane tambour mounted with a 
suitable writing lever so placed as to record movements on a slow 
moving clock drum. (See photo No. 5.) 

By means of the pressure bulb, the whole system can be inflated 
to any selected pressure level as indicated on the dial ot the tono¬ 
meter. From experience gained, an initial pressure of 10 mm. Hg. 
in the balloon and other parts of the recording system was found to 
be suitable for work on the rumen, and hence this standard adhered 
to throughout. At this pressure, the whole recording system is 
extremely sensitive, even minute respiratory changes being clearly 
registered. Moreover, the actual positive pressures developed in the 
rumen under varying conditions could be accurately followed* By 
placing the animal in a specially consfructed crush pen, continuous 
recording of movements', even over the whole day, could be carried 
out, without interference to the feeding or watering of the animal. 
Likewise,, movepients from other parts of the digestive tract such as 
the abomasum and the caecum could be registered through fistulae 
in these organs and the use of slightly smaller balloons. As a routine 
measure all movements are recorded and counted over periods of five 
minutes at a time, which for the sake of convenience is thus regarded 
as the unit of recording. In photo No. 6 specimen graphs are shown 
as obtained from the rumen, abomasum and caecum by this method. 




Photo No. 6.~Spec*imeu graphs^nf rumeji, 
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Photo Xo, 0 (o). —Sp«^( iineii graphs of ahoninsiiiu (above) and Caeeiim (below). 
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By the above balloon method it is, however, very difficult to 
obtain a clear insight into ithe maximal and minimal pressures 
developed with an organ such as the rumen. Moreover such determi¬ 
nations are of importance in a study of the gas pressure associated 
with fermentation, in which, either normal regurgitation of gas 
repeatedly takes place through the mouth, or when disturbed may 
lead to bloating. Consequently it became necessary to improve the 
above technique so as to allow, the accurate recording not only of the 
individual ruminal contractions but especially also of the limits of 
pressure associated with any change either in ruminal tonus itself 
or that due to the accumulation of gas within the organ. 

This improvement was achieved by discarding in the first place 
the use of the balloon in the rumen. By connecting the apparatus 
directly to the rumen fistula through a short piece of glass tubing, 
the rumen itself was now made to function as the balloon at the one 
end of the system. Seeing that the fistula tube in every case is so 
placed that it is well above the ingesta and water level in the rumen, 
all changes in pressure are accurately reflected in the rest of the 
recording apparatus. In no case is there any leakage of gas round 
about the exterior of the fistula tube when the fistula wound itself 
is well healed and the flange of the tube drawn up snugly against 
the abdominal wall. 



Photo No. 7*—-Improved apparatus for recording ruminal movement. 

Water manometer method. 

The second alteration made in the apparatus was to substitute 
a water manometer, graduated in millimeters (total capacity 220 c.c.) 
for the spring tonometer. By the use of acidulated water 
(1 per cent. HC1 +methyl red indicator) in the manometer, the 
possibility of some rumen gas dissolving in it was thereby obviated. 
Photo No. 7 shows the improved apparatus fitted with the water 
manometer. By this method it became possible to register in minute 
detail all the pressure fluctuations, either^n the positive or negative 
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side, occurring* within the rumen. Also by subsequently changing 
the pressure in the manometer to the required levels, parallel lines 
could be drawn on the drum so as to record the limits between which 
ruminal pressures had actually fluctuated. (See photo No. 8.) 



Photo No. 8.—Specinien graph of rumen. 

One noticeable feature revealed by such graphs is the frequent 
occurrence of negative pressures within the rumen of certain animals, 
a more detailed discussion of whi(!h will be given in a subsequent 
article. 

Apart from registering normal ruminal rnovemeiit, the above 
met hod also allows for a detailed recording of the tonus reaction of 
iinsiriated muscle of the digestive tract (as rej)resented by the rumen) 
to a wide variety of factors such as food, drink and action of drugs 
and otlier chemical sul)stances. 

(h) Saniplinij of ('outenta from the Digestive Tract. 

In any study on digestive function, the ease with which portions 
of the contends can be collected from different levels of the digestive 
tract, constitutes a very valuable means of investigating the vital 
processes involved in the disintegration and subsequent absorption 
and re-excretion of all materials taken in per os. Such sampling is 
readily achieved through flstulae inserted at suitable levels along the 
digestive tract. Although in the present study, ingesta could 
repeatedly be drawn off from such regions as the rumen, abomasum, 
duodenum, ileum and caecum, attention has up till now^ been focussed 
mainly on some aspects of the large number of physiological pro¬ 
cesses occurring within the rumen. 

Repeated collection of ingesta from the rumen (photo No. 9) is 
easily carried out by the insertion of a glass tube through the fistula 
opening into the depth of the ruminal mass and aspirating by mouth 
the required amount of ingesta into a splash-head bulb situated in 
the centre of the sampling tube. Photo No. 10 shows the collection 
of ingesta from the abomasum. 
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From the themieal aspect, ruminal contents have thus far been 
investigated in respect of moisture content variations, hydrogen ion 
conceiitiations and bufter* system, the breakdown of different classes 
of carbohydrates including fibre, and the subsequent elaboration of 
organic acids both volatile and non-volatile. 

Simultaneously with the a])ove investigations, the material from 
the rumen has been subjected to close microscopic examination both 
of the bacieiial flora and of the infusorial fauna, counts of which 
were made at rei)eatedly short intervals. No significant experimental 
work has, however, been undertaken thus far on the cultivation in 
vitro and the isolation of any organisms. 

Signific'ant dift'erences, which will be discussed in subsequent 
publications, have already been noted in regard to both the chemical 
and microscopic as])ects between animals existing on an adequate 
level of nutrition as compared to others on a deficient diet. 



Photo No. 11.—Apparatus for recording total gas volumes from rumen at 
constant pressure. From side tube sampling of gas for analysis. 


(c) SarnplhKj and Recording of Gas from, Rximen. 

Seeing that the process of food disintegration within the rumen 
is associated primarily with fermentation, the continuous recording 
of the total gas volume liberated, together with'an analysis of such 
gas, furnishes a significant index as to the rate and nature of the 
fermentation occurring at any given moment, and on a particular 
type of diet. 
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A convenient apparatus, devised for the continuous recording 
of rumen gas, is shown iii photo No. 11. It is comprised of a 
manometer, one limb of which consists of a graduated tube 152 cm. 
long and 1,130 c.c. capacity, mounted on to an upright wooden stand. 
This tube is connected by means of a length of stout rubber tubing 
to a short cylindrical glass reservoir of wide bore, suspended from 
a j)ulley and capable of extensive uji and down movement. The 
manometer is filled with the requisite amount of 1 per cent. HCl 
containing a little methyl red as indicator. The upper end of the 
graduated tube is connected through a length of rubber tubing 
directly on to the ruminal fistula in such a manner that any change 
of pressure within the rumen either depresses or elevates the column 
of fluid within the graduated tube. By continuous compensatory 
movements of the cylindri(*al reservoir, the pressure of the gas can 
be kept constant at atmospheric })ressure. (Continuous manometer 
readings are re(M)rded over periods of 5 minutes at a time, each figure 
being plotted graphically as it is taken. In this way it is found that 
a biphasic pressure variation is frequently encountered in the rumen 
especially after a period of acdive fermentation, the pressure usually 
oscillating between a definitely jxrsitive and an ecjually definitely 
negative phase. This is obviously due to the fact that the pressure 
exerted by the gas within the rumen is determined not only by the 
speed and extent of gas formation itself, but largely also by the 
repeated changes in tonus of the musculature of the rumen. Hence a 
negative gas pressure is shown wheneA’er the rumen passes into a 
phase of passive relaxation. By jilacing the zero line at a suitable 
level, both phases can be accurately recorded on the graph. 



Photo No. 12.—Collection of gas from rumen for cheniiral analysis. 


For the collection and analysis of gas samples, a T>])iece with 
side tube and stopcock is introduced into the system close to the 
ruminal fistula. Samples of approximately 50 c.c. gas are collected 
in a small, specially fitted, glass cylinder by displacement of 1 per 
cent. HCl solution with which the cylinder is filled. (See photo 
No. 12.) 
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The gas is subsequently transferred into an evacuated gas pipette, 
and the analysis carried out in an Orsat-lauige gas apparatus. The 
chief components of rumen gas is carbon* dioxide whi(*h is determined 
by absorption in KOH solution and methane which is ignited elec¬ 
trically in the presence of oxygen. The percentage methane present 
is subsequently calculated from the amount of C ()2 formed from its 
combustion. (See photo No. Id.) Besides these two gases, smaller 
amounts of hydrogen, sulphuretted hydrogen, and nitric oxide may 
be encountered within the rumen. Seeing that the process in the 
forestomachs is essentially of the nature of a controlled acid fermen¬ 
tation, without much evidence of actual ])utrefactive (dianges, the 
formation of SK^ ‘^^’d other evil-smelling gases is kept down to mere 
traces under normal conditions of digestion. 



Photo No. 13,—Chart showing fliutnations in normal gas volumes. 


{(1) A(hu mist ration of Materials throvnh Fistulae. 

Apart from allowing foj' the easy collecdion of conlents, fistulae 
in the digestive tract oftei another great advantage in ihat a wide 
variety of materials either in solid or in liquid form may be adminis¬ 
tered through such fistulae directly into any desired part of the tract. 
Such important factors as rate of passage, nature and speed of 
disintegration of a substance, disappearance through absorption, 
effect on digestive tract or animal as a whole, may all then be followed 
without much of the difficulties usually encountered in studies of 
this type. 
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fcio far, again, attention has been focussed niainly on the rumen. 
Weighed amounts of substances such as sugar or starch can be dosed 
through a glass funnel insetted into the fistula tube as shown in 
photo No. 14. The advantages of this method are that it obviates 
the necessity of first dissolving the material, frequently in large 
amounts of water for dosing per or through a tomach tube. More¬ 
over, it ensures that all the mateiial immediately enters the rumen, 
thus excluding the possibility of a portion being swallowed through 
into the abomasum. By these means, such fatdors as the rate and 
speed of fermentation of definite quantities of the dilferent foodstuffs 
can easily be studied in animals existing on different diets, and hence 
significant data obtained in regard to both the normal and abnoiinal 
predigestion of food in ruminants. 



Photo No. 14.—Adn:inistration of materials through fistula directly into runu*n. 


Similarly the pro(;ess of disintegration of coaise mateiials within 
the lumen can be followed over an extended period of time. This is 
achieved by' filling small cylindrical bags, made from a very thin 
natural silk, with samples of the particular foodstuff to be tested, 
such as dry grain (whole, (‘rushed or shelled) or shqrt lengths of grass 
or straw (see photo No. 15). By attaching a thin strand of silk to 
one endj the bag is then inserted through the fistula opening and 
kept suspended witliin the rumen by this strand of silk which is fixed 
to the outer part of the tube after closure of the external opening 
with its usual rubber (‘ork. (See photo No. 16.) B.y repeatedly with¬ 
drawing the bag from the rumen, and gently washing it in running 
tap water, the contents of the bag can be examined either grossly or 
a more detailed microscopic study undertaken of the histological 
changes taking place wuthin the different plant tissues. Subsequently 
the same material can he re-introducedunto the rumen for a further 
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period of disintegration. This method has also proved of value in 
eomparing the activity of the ruminal flora with that encountered in 
other levels of the tract sindi as the caecum when the same materials 
are suspended through fistulae in the different organs. 



Photo No. 15.—Filliiijr of silk bags with various foodstuffs. 



Photo No. 16.—Suspension of silk bags filled with ftaxlstuffs within rumen. 
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Summary. 

1. The importance is stressed of a more intensive study of 
digestion in ruminant animals, whose food, apart from being disin¬ 
tegrated by enzymes liberated from the digestive tract itself, is first 
of all subjected to a predigestion, the significance of which is as yet 
not fully recognised. Through the action of a varied and rich 
bacterial flora accompanied by large numbers of different species of 
infusoria, the food mass is exposecl to a carefullj^ controlled fermen¬ 
tation occurring within the forestomachs and similar in many respects 
to that occurring in silage fermentation. 

■, 2. In order to study the different stages in the process of diges¬ 
tion, the use of permanent bowel fistulae in experimental animals 
has been widely resorted to in the past, and an account is given of 
some of the experimental methods which have been used. 

3. An account is given of our experimental technique which 
involves the use of suitable ebonite fistula tubes and the creation of 
pf^rmanent closed ” fistulae at different levels of the digestive tract 
of adult Merino sheep. 

4. In this study .attention has thus far been devoted mainly to 
some ])hehomena exhibited within the rumen of fistula sheep, kept 
on various controlled diets. 

5. A method has been devised whereby any pressure change 
occurring within the rumen could be accurately recorded on slow 
moving kymographs and the limits of fluctuation in the motility of 
this organ registered under varying conditions. 

(). The technique is described whereby samples of ingesta could 
repeatedly be collected from the rumen and subjected both to chemi(‘al 
and bacteriological study. 

7. By the use of a large water manometer attached to the rumen 
fistula, continuous volume recording of gas from the rumen could be 
conducted under constant pressure. Likewise repeated sampling of 
gas for chemi(*al analysis could simultaneously be undertaken. 

8. Methods are described whereby different materials could be 
administered through the fistula opening directly into the rumen. 
By enclosing small samples of a variety of foodstuffs within cylin- 
dricti; bags made from thin natural silk and subsequently suspending 
these within the food mass of the rumen, the rate at which disin¬ 
tegration took place as also its nature, could be followed micro¬ 
scopically. 
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Studies on the Alimentary Tract of Merino 
Sheep in South Africa. V.—The Motility 
of the Rumen under Various Conditions. 


By .]. I. QUIN and J. (i. VAN DEK WATH, Section of IMiysiology, 

(Inderstepoort. 


LN'I’UODrCTlON. 

In a jirevious aiticle (No. lY) a])])eariii^:>' under ihis series, a 
deseriplioii was oiveii of file lechiiiipie which was followed in studying* 
various aspects of runiinaut di^^’estion. As far as the niotiliiy of the 
riinien was (‘oncenied, accurate records of this could be obtained from 
stieei) with closed ruminal fistulae. By a diiect connexion of the 
reo*isterin”‘ apparatus (tambour and water manometer) to the ruminal 
fistula and without the use of a balloon in the rumen, all pressure 
chan»>*es in this oi'^aii could be recorded in detail. 

According’ to recent work conihicted by Krzywanek and (^uast 
on slieep with luminal fistulae, contractions of the rumen aie chaiQU - 
teiised by a series of ihythmically occuirinc- pliases in each of which 
one lai<.>*e contraction jiiecedes two smaller ones Moreover, it was 
shown that a close relationship exists between the rumen and the 
abomasum as far as their motility was concerned, contraction in the 
latter usually following- on that in the former. Wester, in his earlier 
work on the forestomachs of luminants, also established the piesence 
of a relationship between the rliythmic movements of dift'eient parts 
of the forestomachs. 

Manf^’old and Klein, and also Czepa and vStyt»*ler, on the other 
hand, were not able to demonstrate any definite and sioriificant ty])e 
of idiythm for the forestomachs of ruminants. 

Due to the fact, therefore, that the characteristic features in 
ruminal motility are as yet not fully appreciated, it was decided to 
undertake a series of experiments on fistula sheej) with the object of 
<>ainin^ more knowlediye in respect of this very important aspect of 
ruminal physiology. 
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For the sake of eonvenieiice it is proposed to discuss the various 
experiments concerned with ruminal motility under the following* 
sub-divisions: — 

(a) The normal motility of the rumen. 

(h) The influence of food and water (or their absence). 

(c) The effect of mineral salts. 

(d) The effect of drugs and poisons. 


( a ) The Normal Motility or the Hitmen. 

Of the various aspects of ruminal function, that concerned with 
the movements of the forestomachs is of primar}^ significance seeing 
that the normal process of food fermentation, including the control 
of the pH and the eructation of gas, is intimately associated with it. 
Moreover, as will be shown presently, the rumen is extremely 
susceptible to a wide variety of factors, each of which may influence 
the motility in a specific manner and hence also the chemical changes 
occurring within this organ. 

In studying the characteristic features of large numbers of 
kymographic records obtained from the rumen of (dinically healthy 
and well nourished Merino sheep, it is found that the well-known 
rhythmic contractions may from time to time undergo significant 
changes in spite of the animal having been kept under constant 
conditions. 

As a rule it may be accepted that for Merino sheep 5 to 7 
ruminal contractions per b-minute period constitutes the average 
rate when recorded during the morning and before feeding. 

The force and magnitude of the contractions may, however, vary 
considerably from day to day, although on an average fluctuations 
betw’een pressures of -10 mm. H 2 O during quiescence and +70 mm. 
H 2 O pressure at the heighi of ruminal contiactiou are commonly 
encountered. A negative luessure within the rumen, occurring 
between the periods of contraction, is an interesting feature and one 
constantly observed in the majority of sheep. Usually it ranges 
from 5 mm. to -20 mm. H 2 O pressure. In a minority of animals, 
howevelj the pressure rarely falls below the zero level. 

With regard to the rhythm of the movements, a considerable 
degree of variation may be revealed. Thus it may change from an 
evenly spaced rhythm in which all the contractions are of approxi¬ 
mately the magnitude to one in which both rate and size of 

movements become irregular. At times, however, the rhythm 
described by Krzyiyanek and Quast may be assumed, although as a 
rule only for brief periods during w^hich a large movement is followed 
by two smaller contractions, the first of which takes place soon 
after the large movement. 

With regard to the effect of rumination itself on the movements, 
the findings of Krzy\^^ek and Quast could be confirmed, in which 
it was showTi that regurgitation of the food mass into the mouth 
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invariably precedes a contraction of the rumen frequently only by a 
second. Similarly it could be established that contraction of the 
abomasum was closely related with that occurring* in the rumen, the 
abomasum as a rule showino* three waves of contraction immediately 
after that of the rumen. 

Eructation of gas from the mouth usually coincides with a 
strong ruminal contraction, the frequency of eructation depending 
upon fermentation activity within the rumen. 

Apart from the actual contractions revealed, no significant 
deviation in the general tonus of the ruminal musculature is notice¬ 
able in animals kept under constant conditions. 

External stimuli such as rei)eated i)in i)ricks into the skin over 
the gluteal region or even fairly intense fa radio stimulation of the 
skin, provoked no significant effect on ruminal movement. The sight 
of a dog may accelerate ruminal movement (considerably, an effect 
which, however, varies with individual animals. 


(})) Thk Infli knc'e of Eooj) and Watkjc on Hi minal Mobility. 

Due to the general significance of ruminal function to nutrition, 
considerable attention has been devoted in this studv to the possible 
relationship existing between the diet and the motility of the fore- 
stomachs. In order to investigate this matter, the procedure adopted 
throughout was to record ruminal movements firstly before feeding, 
then during actual feeding and finally at different periods after 
feeding had been stopped. In all the accompanying graphs, these 
periods are denoted by arrows, which actually indicate the point at 
which the conditions were changed. Erom an analysis of many 
graphs obtained in this way, it may be stated that in every animal 
used in the experiment ruminal motility was significantly accele¬ 
rated fiom the moment that feeding was commenced until it was 
stopped again, the average increase langing from a normal 8 move¬ 
ments per b minutes before feeding to 20-25 movements per 5 minutes 
during feeding, i.e., approximately a threefold increase in the rate 
of (xmcentratioii (see graph No. 1). That this acceleration is inti¬ 
mately associated with mastication and deglutition and not wdth the 
increased state of filling of the rumen is clearly evident from the 
subsequent rapid retardation as soon as feeding is stopped again (see 
graph No. 1). Thus it is frecjnently found that within 10-15 minutes 
after feeding the rate of contraction has returned to the normal 8 
per 5 minutes, although the individual contractions may still be 
larger than before feeding. In spite of the fact that the movements 
are mucdi accelerated during feeding, there is, however, no significant 
increase in ruminal tonus and intraruminal pressure. On the con¬ 
trary, there may be a temporary accommodating decrease in tone 
as shown in graph No. 1, in which the minimal pressure decreases 
from zero before food to -10 mm. H 2 O pressure during actual 
feeding. This, however, is not consistent for all animals. From 
these observations, there appears strong evidence that this increased 
motility of the forestomachs during feeding is associated primarily 
with vagal reflex action, in w^hich the reflex is initiated probably in 
the pharynx, during deglutition. 
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On the other haiul, the type of food ingested seems to exert little 
if any specific influence on ruminal movements, since lucerne (both 
dry and green), poor veld hay and crushed maize all provoke an 
equally significant acceleration of ruminal movement during feeding. 
I'his, however, is noticed only in hungry animals. Apart from 
acceleration during actual feeding, some animals, which through 
repeated handling have become well acquainted with the experi¬ 
mental procedure, show in addition a well-defined psychic iespouse 
to food, whenever tliis is shown to it. In such (‘uses ruminal move¬ 
ments are also accelerated, although not to the same extent as during 
actual feeding. In fistula sheej) recently brought under experimental 
conditions this response may be either absent or not so easily elicited, 
which indicates that it originates as a type of conditional reflex. 

By maintaining animals on any one particular type of food even 
for iirolonged periods at a stretch, the normal rhythm is not dis¬ 
turbed as long as the appeiite remains satisfactory. Thus in grapli 
No. 2 the ruminal movements aie recorded, both before and after 
feeding, of a slieej) that luid been kept on a diet compiised of poor 
quality wheat chaff only for S weeks. As will be noticed, both the 
rhythiii and the size of the excuirsions weie well maintained in spite 
of the poor diet. When, liowercj', animals are kept on an exclusive 
grain I’ation, e,g. crushed maize, for a considerable period, the size 
of the ruminal excursions become much reduced although the rhythm 
itself is not significantly altered. In graph No. d the ruminal 
records are shown of two sheep kept on a diet of crushed maize only 
for several weeks. Where animals are forced to exist foi* prolonged 
periods on an unbalanced ration comprised either of crushed maize 
only or of poor quality straw only, ruminal movements may dis¬ 
appear c'ompletely and without warning, this being determined very 
largely by the idiosyncrasy of individual animals, since cessation 
of ruminal movement and loss of appetite appear much sooner in* 
some animals than in others. 

Tlie dosing of finely ground food, e.g. 200 grams powdered grass 
hay, directly into the i umen thiough the fistula o])ening, causes no 
change whatever in tlie ruminal rhythm as shown in graph No. 4, 
although due to the greater filling of the organ the excursions them¬ 
selves may be augmented, the maximal j)ressure increasing from 
-fOO mm| H 2 O to -hl27 mm. H 2 O. If, instead of the grass liay, 
50 grams laf sulfai' such as gluc^ose is dosed into the rumen, an 
interesting response may be noted as far as the motility is con¬ 
cerned. In well-nourished animals on a normal diet of lucerne ami 
maize, the usual effecd of glucose is that of a rapid rise in intra- 
niminal pressure whic h may bo maintained from 15 40 dO minutes, 
during which time the contraction resemble an incomplete tetanus 
whic h gradually passes of again (see graph No. 5). This increased 
pressure is due, at least partly, to the rapid increase in the rate of 
fermentation and the accumulation of extra volumes of g’as as clearly 
shown in volumetric determinations of ruminal gas both before and 
after the dosing of glucose. The possiliility of a direct stimulating 
effect of the glucose on the ruminal musculature as partly responsible 
for this effect is, howeveiy».not excluded. When, on the other hand, 
the same amount of glucose is administered to low-conditioned sheep 
accustomed to a diet of pom quality veld, hay only, and in which 
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the animals already show definite sii^iis of body wastage, the oi)po8ite 
response to that described above is very frequently noticed, i.e. there 
is no sign of an increase in ruminal pressuie while the normal con¬ 
tractions themselves may be (‘ompletely inhibited for periods up to 
24 hours or longer. Subsequent detei minations of the feimentation 
rate in the rumen of such animals have moreover shown that the 
evolution of gas after glucose dosing is either much delayed or even 
completely kept in abeyance. 

Cojuplete starvation of well-nourished animals usually causes no 
significant effect on the ruminal rhythm for periods langing fiom 
72-9() hours (f3-4 days), although the individual contractions lend 
to show a progressive decrease in amplitude. After this period a 
complete cessation of ruminal movement may, however, take jilace 
at any time, depending laigely on individuality. Tlnough subse- 
(juent feeding of such starved animals, ruminal molility usually 
i‘ea])pears only after a considerable dela> , as the ajipetite itself may 
lie seriously disturbed after such piolonged fasting. 

The Effect of Wotcr. —\\dier(‘as food and the ])rocess of feeding, 
exert such well-defined effects on the movements of the rumen, no 
such 1 espouse has lieen noticed for watm. Thus neitlier the actual 
drinking of water nor the sight of it jirovokes any significant ( hange 
in ruminal movement. Moieovcu-, even wide extremes in temperature 
cause little effe(t. Thus tlie dosing of one litre iced water (0® (^) 
through the ruminal fistula may cause onl> a slight and transitory 
acceleration of movement as sho\N n in gra])h (>. Similarly 1 litie of 
water at C. jirovokes little respoi»se only, as revealed in graph 

No. 7. The effects of complete withholding of watm* for seveial da\s 
is not so easily ascertained, lieing complicated by the fact that the 
appetite also so(»n becomes disturbed, especially when a dry ration 
only is provided. 

(c) TiIK EfJ’EC'I' OE ])l I'CKUKN’l' MlNKHAI. SaI I'S ON 111 MINAT. MoTIlUTY. 

Seeing that it has been shown that sodium salts were effeedive 
in causing the closure of the otrsopbageal gioove in cattle (Wester) 
and that copper siiljihate jiroiluced a similar effect in sheep, it was 
decided to ascertain what action, if any, different mineral salts exerted 
on normal ruminal motility. For this inirpose small amounts, usually 
not more than 2 to 3 c.c. of a 10 ])er (*ent. solution of the various salts, 
wer(* dosed on to the back of the tongue as described by Mdnnig 
and (iuin and the response of the rumen to it recorded kymo¬ 
graph ically, both before and after dosing. 

Copper Svlphaie .—By dosing copper sulphate solutions to sheep 
as described above, a striking response is elicited as far as ruminal 
movement is concerned. This response, however, varies between 
different animals falling into one of two types: {a) In which dosing 
is immediately followed by a significant acceleration of ruminal 
movement frequently up to 20 contractions per 5 minutes, closely 
resembling that noticed during feeding. This effect usually passes 
off within 5 to 15 minutes, after which the contractions may be 
somewhat slower and smaller than normal (see graph 8). 
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(6) In this case dosing with C118O4 solution causes a primary 
complete inhibition of ruminal moTement lasting up to 3 or 4 
minutes, after which a secondary stimulation results in the typical 
acceleration effect as described under (a). This is clearly shown in 
graph No. 9. Moreover it has been found that the response of indi¬ 
vidual animals to repeated dosing with copper sulphate, when tested 
out over a period of many months, shows no change whatever, i.e. 
there is no interchange in response from group {a) to group (6) or 
vice versa. That this difference in reaction is closely associated with 
the closure of the oesophageal groove, is shown by the fact that small 
glass beads wdien dosed immediately after the copper sulphate, appear 
in the faeces of animals showing the (a) response, considerably earlier 
than in those in which the (h) response is normally elicited. Thus 
in the (o) grouji the majority of the beads may be eliminated within 
48 hours after dosing, w hereas in the other groups small numbers of 
beads, are continually passed out over a pei iod of 7 to 14 days or 
even longer. 

Apart fiom its effect on ruminal movement, copper sulphate 
solutions, when dosed on to the tongue, provoke an equally sifinifi- 
cant acceleration in the movements of the aboviasuin (sometimes 
after a period of primary inhibition) as shown in graph No. 10, 
w^hile even tlie caecarn is immediately stimulated to a more rapid 
rate of contraction following the dosing of copper sulphate, as 
revealed in graph No. 11. 

On testing out various other mineral salts, it has been as(*eitained 
that silver nitrale solutions provoke a res])onse Identical to that of 
copper sulphate, as revealed in graph No. 12. Apart from llie 
mineral salts, nicotine sulphate also causes a similar reaction in 
ruminal motility, as shoAvn in graph No. 13. Of all the other 
mineral salts, such as magnesium sulphate, sodium sulphate, sodium 
chloride, ferrous sulphate and aluminium potassium sulphate (alum), 
when dosed in the above manner, none of these provoke any significant 
change in normal ruminal motility (see graphs Nos. 13, 14, 15, 1(>, 
IT). Thus it appears to be clearly established that only a limited 
few' substances such as copper, silver and nicotine are capal)le of 
eliciting the vagal reflex in sheep when swallowed. 

In addition to the above mineral salts, the effect of potassium 
cyanide on ruminal movement has also been ascertained. Hy dosing 
amounts ranging from loll to 200 mgs. potassium cyanide dissolved 
in a few cubic centimeters of water directly into the rumen, an 
extremely rapid decrease in the rhythm and size of the contractions 
may be noticed which soon Eliminates in complete paralysis of the 
organ, ,wdiile the rewSpirations bec^onie much deeper and dys[)noeic in 
nature. See graph Nb. 18. Depending upon the dose and the general 
severity of the reaction, a return of the ruminal mo.vements may be 
expected usually in 10 to 40 minutes after dosing*, the size of the 
contractions gradually increasing with recovery. Equal doses of 
KCN may, how^ever, provoke distinctly different effects on animals 
kept on different diets.^ Thus it has been found that a dose of 180 
mgs. KCN, when dosed to a sheep bn a diet of Incerne hay only, 
causes an effect much milder than that-'noticeable in animals on a 
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mixed diet of lucerne and crushed maize. Due to the slightly more 
acid reaction of the ruminal contents on the latter diet, it would 
appear that the more severe reaction is associated with a corres- 
pondingly more rai)id formation, and hence a higlier coiK-enlration 
of easily diliusible hydrocyanic acid gas from the KCN ^^ithin the 
rumen. 

{ d ) The Ineluence oe Drugs on Kuminai. Movement. 

As certain drugs are reputed to exert a j)owerful effect on plain 
muscle, experiments were undertaken in which several well-known 
drugs in addition to various other suhstances were tested out for 
their action on ruminal motility. Of these, three vagal stimulants, 
viz. acetyl-clioline, Lentin (Merck), and Esmodil (Haver) may l)e 
regarded as comprising one group. Acetyl-choline, now generally 
accepted to he constantly liberated under parasympathetic stimula¬ 
tion was tested out on ruminal fistula shee]) either* alone or in com¬ 
bination Avith eserine sul])hate. It Avas found that acetyl-choline in 
doses of 1(J mgs. and more intiaAenously (dilution 1 : 1,000) caused 
an mmedirrte and complete iraralysis of ruminal movement, similar 
in all res|)ects to the action of IIon the rumen. 

The effecd of the acetyl-cdroline is, lioAveA^er*, of very short dura¬ 
tion, since rapid recovery of ruminal movement may be ex])ected 
within 10 ininutes after administr•ation (graph No. 19). 

Esmodil (Bayer) in a dose of d mgs. (dilution 0:1,000) intra- 
mus(uilarly Avas found to cause a jriogressive acceleration of r•uminal 
movements accompanied by a rise in the general tone of th(‘ rumen. 
Although sorneAvliat similar to lienlin (Merck) in its action, Esmodil 
appears to exert a milder t'tfect on the plain muscle of the rumen 
(graph No. 20), 

Lentin (Merck) in a dose of 1 mg. (1:1,000) injected 
subcutaneously, causes a junctically instantaneous change both in 
ruminal tone and in rhythm. The tone Avhich rises to Avell above 
the normal level may remain in a spastic* state for a ])eriod of one 
hour or longer during Avhich the normal movements are replaced 
by a series of rapidly recurring, shallow, Avave-like contractions 
resembling those noticeable during a state of incomplete tetanus 
(graph No. 21). That these cramjr-like peristaltic contractions are 
present at least also in the lai’ge boAvel is j)roved by the fact that 
repeated pur’gation may set in Avithin 45-00 minutes after injection. 
At the same time glandular actiAuty is markedly stimulated as 
evidenced by the profuse and continued salivation and lachr yrnation. 
However, all the effects are usually passed off Avithin 2i to 8 hours, 
leaving the rumen Avith its normal rhythm of contraction. 

Apart from the above-mentioned three substances, Aarious other 
drugs were tested out on the rumen. Of these, pilocarpine hydro¬ 
chloride (graph No. 22) and arec'oline hydrobromide (graph No. 28) 
in doses of 25-40 mgs. per sheep intramuscularly provoked a res])onse 
resembling that caused by Lentin, except that in no instance has 
purgation been noticed in sheep folloAving the injection either of 
arecoline or pilocarpine. 


30T 



STUDIES ON AI.IMENTAUY TRACT OF MERINO SHEEr. 


The results with eseriii^ sulphate have been disappointing in 
that even large doses of 10-15 mgs. intraniusculaily failed to provoke 
any definite response from the rumen except augnientation of the 
ruminal movements (graph No. 24). 

Veratrine hydrochloride, in^ doses of 5 mgs. subcutaneously, pro¬ 
duced intense local irritation and a definite slowing down of the 
ruminal movements (graph No. 25). 

Adrenalin (1:1,U()0) in doses of 2 c.c. subcutaneously, failed to 
provoke any change in the normal rhythm or tonus of the rumen 
(graph No. 26). 

A poisonous piinciple isolaied from the i)lant Lippia rehmanui 
(Verbenaceae), termed icterogenin, was found to produce a complete 
and prolonged inhibition of ruminal movement associated with 
loss oi appetite w’hen given per os in an amount of 4 grams (graph 
No. 27). This substance, which has been shown to be in the nature 
of a resinic acid, likewise causes inhibiiion in the bile excretory 
mechanism of ihe liver associated with a iirogiessive severe type of 
reguigitative jaundice. 


Discussions and Con( ex sions. 

Experiments conducted on sheep witii runiinal fistula liave shown 
that normal ruminal movement juay undergo very considerable 
variations from any rhythm that may^ bo temporarily established. 
In this respect it is essentially the stiength of the individual contrac¬ 
tions as well as the spacing of the movements which may undergo a 
sudden change lather than the rate and the tonus of the rumen l)oth 
of which remain far more constant. An interesting feature is the 
extensive degre of relaxation undergone by the ruminal muscuilatiife 
between the a(‘tual contractions. During these periods of rest the 
intra-runiinal pressure usually falls well below zeio, values of - 5 
to -15 mm. HoO pressure being frequently encountered. At the 
height of contraction the intra-ruminal pressiue may rise from -t~20 
to -f 129 mm. H^O, with an average of +70 mm. 

Feeding in every instance causes a vei\v significant acceleration 
in the movement of the rumen, this being due in all probability to 
vagus reflexes initiated in the pharynx and oesophagus, and closely' 
associated wifh mastication and deglutition. In some animals the 
mere sight of food may initiate reflex acceleration of ruminal move¬ 
ment. This effect is, hoAvever, neither as constant nor as strong as 
that noticeable during actual feeding. The type of food exerts little, 
if any, effect on the. ruminal rhythm, although contractions tend to 
become small when nnimals are kept on a ration comprised excdusively 
of concentrates. 

Complete starvation as a rule causes no definitfe change in the 
rate of ruminal moYement up to the third or even the fourth day % 
although the excursions may become progressively smaller. After 
this period all movements may, however, disappear completely. 
Following renewed feeding after such prolonged starvation, a definite 
delays in the return of movemenis a nd a lso of the appetite is fre¬ 
quently noticeable. " 

868 



J. I. QVIN AND J. G. VAN DER WATli. 


The influence of water on the rumen is much less specific seeing 
that neither the sight of water nor actual drinking causes any appre¬ 
ciable change in the motility of the rumen. Moreover, wide extremes 
of temperature ranging from 0^ C. to 50^ C. following the dosing 
of 1 litre of either iced or warm water cause very little change in 
normal motility. 

With regard to the influence of various mineral salts, it has been 
established that small doses of a copper sulphate solution, as well as 
similar solutions of silver nitrate and nicotine sulphate, when dosed 
on to the back of the tongue all cause very profound changes in 
ruminal rhythm, due again probably to a vagal reflex. All other 
mineral salts tested out so far have failed to provoke this charecteristic 
response from the rumen. 

Potassium cyande in small doses per os causes a rapid though 
transitory paralysis of all ruminal movements. 

In addition to the mineral salts, various other substances have 
also been tested for their action on the rumen. Of these, Lentin 
(Merck) and Esmodil (Bayer) have been found to cause a well- 
marked stimulation of ruminal movement, while acetyl-choline causes 
an acute though transitory paralysis. Pilocarpine and arecoline also 
cause significant stimulation of ruminal movement. Adrenaline sub¬ 
cutaneously in doses of 2 c.c. (1:1,000) was found to exert little, if 
any, change in ruminal motility. 
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Coproporphyrin Excretion in East Coast Fever 

of Cattle. 


By (j. C. 8. IIOETS, Section of Pharnmeology and Toxicology, 

(Inderstepoort. 


Thk object of this note is 1o put on record observations (onceniing 
the presence of porphyrin in the urine and faeces of bovines 
experinieiitally infected with East Coast fever, at Oiiderstepoort. 
These observations are noteworthy in that they constitute additional 
evidence of the excretion of porphyrins in pathological conditions. 
Moreover they contribule as far as can be ascertained the first definite 
evidence of the excretion of these substances in a protozoal disease 
like East (\)ast fever. 

Th e seiies III porphyrins, which are regarded as the normal 
“ physiological ” type, occur in certain pathological conditions 
including cirrhosis of the liver (IJobriner, 1930), hepatit* tunvours- 
(Dobriner, 1930), lead poisoning [(Tiotepass (1932), Mertens (1937), 
Fischer and Deusberg (1932), and after the administration of salvarsan 
(Schreus, 1935^ and suli)honilamide (liimington, 1938). In congenital 
porphyrinuria, series III, porphyiins are found to be excreted 
simultaneously with excessive amounts of seiies I [Fischer and 
liibowitzky (1930), Fischer and Hofman (1937), Uimington (1937), 
Himington and lioets (1937)1. In idioj)aihi(‘ porphyrinuria series III 
has been demonstrated by Waldenstnun* (1935) and Mertens (1930), 
whilst Dobriner (1930) detected the presence of the I and III series 
in the faeces of one case. 

In the East Coast fever cases investigated this duality of the 
coproporphyrins was found. The total coproporptyrin extracted from 
faeces having a porphyrin content of 94-104 y per 100 gm. fresh 
faeces, was esterified and the methyl esters separated by dissolving 
the Copro III ester in cold methyl alcohol. In one ahimal the ratio 
of Copro I ; Copro III was 1 I 1*15, whilst in another only a trace of 
the I series was present.* 


^ Determinations were made by the methods described by Rimiiigton, Roets 
and Fourie in a paper “ (Quantitative Studies upon Porphyrin Excretion in 
Bovine Congenital Porphyrinuria’'. (Onderstepoort Jnl. of Vet. Sci. Vol. 10, 
No. 2, p.p. 421-430, 1938). 
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Working with a disease like East Coast fever the danger of 
spread of the disease must constantly he guarded against. The 
experimental animals had to be closely confined and the conditions 
were such that it was impossible to collect and examine their urine 
daily; consequently what urine it was ])ossible to collect was worked 
up and the extracted porphyrins accumulated. In such urine the 
ratio of Copro I : Copro III was found to be 1 I *31. 

The copro I ester, see Fig. 1, has a melting point of 240-244®. The 
M.P. of a mixture of this ester and coproporphyrin I ester, of M.P. 
240-24ti® which was obtained from the faeces of congenital 
Xiorphyrinuric animals was 240-246®. Therefore there was ]io 
deirression. The spectrum, solubility and acid number are like that 
of copro-porphyriii. 



Fig. 1.—Copro 1 ester. Magn. 300 X. 


The Copro HI esteri^ystallised in small clusters of fine needles, 
see Fig. 2, on allowing ta solution to evaporate spontaneously in a 
tube either from metifyl alcohol or ether (compare Himington, 1938). 
The melting point of the combined ester from the urine and faeces 
was found to be 136-170®, remelt 160®. It has the coproporphyrin 
speety An acid number and solubility. % 

|t might be that 14-25 y co|)roporphyrin was 

det#6table in 100%in. samples of fresh faeces before the animals were 
infected, which agyees with Dobriner’s findings, namely that 
coproporphyrin ia noimially excreted in small amounts in faeces 
(Dobriner, 1937). Further investigations are being continued with 
the object of obtaining data which may contribute towards a clearer 
understanding of the relationship existing between the natural 
porphyrins and the process of haembpoeiesis in a disease such as East 

Coa8t.'fever. /''^ 


G. C. S. UOETS. 



Fiji;. 2.—Copro III ester. Magii. .‘K)0x. 


Summary. 

1. Coproiiorphyriii I and Copropoiphyiin III were isolated from 
the faeces and Tiriiie of (‘attle siifferinp;* from p]ast Coast fever. 

iv. ddie ratio of llie 1 to the Ill series in the faeces of one animal 
was 1 :1 - lo, whilst in that of another only traces of the I series could 
be detected. 

fh In an accumulated sample of coproporphyrins extracted from 
the urine of East (V)ast fever cattle the latio of the I to the III series 
was found to be 1 ! -31. 
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Plant Proteins. IV.—The Biological Values of 
Soyabeans, Linseedmeal and Soyabeans 
Supplemented by Cystine. 


By U. B. SMUTS aiul J . S. C. MABAIS, Section of Nutrition, 

Oiulersiepoort. 


Tiik present investigation constitutes a continuation of our studies 
on the nutritive value of our most commonly utilized plant proteins. 
Jdriseednieal is a popular feed for nearly every type of farm animal 
and consequently is extensively used in this country. Soyabeans are 
less popular, but due to the fact that they may be grown fairly 
successfully under local conditions, their nutritional value in com¬ 
parison with other plant jirotein becomes a practic al necessity. 

Morris and Wright (1933), in a coinpajison of the proteins of 
beans, linseed and meatmeal for milk production came to the con¬ 
clusion that beans and meatmeal are better sources of protein for 
milk production than linseedmeal. The biological values calculated 
according to the formula of Perkins ranked in the following order: 
Beanmeal 59, meatmeal 55, and linseedmeal 46. Crichton (1932), in 
a fattening test of two groups of Aberdeen Angus steers on bran and 
linseed cake, states that the bian ration.gave better gains than the 
linseed ration. Mitchell (1931), determined the nutritive value of 
linseedmeal and cottonseedmeal for growing pigs and found that, 
while linseedmeal was slightly more digestible than cottonseedmeal, 
there was no actual difference in their respective biological values ; 
the values being 61 for linseedmeal and 63 for cottonseedmeal. 
Kenneth, Morrison and Maynard (1935), employing their synthetic 
rations developed for sheep, found in a comparison of the biological 
values of soyabeans, corngluten and linseedmeal, that the latter was 
inferior in protein to soyabeans, the respective biological values being 
72*8 for soyabeans and 67*7 for linseedmeal. 

Csonka (1934), from chemical analyses of various varieties of 
soyabeans, does not support the general conception of a quantitative 
deficiency of cystine in soyabeans but admits that some varieties may 
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be deficient in this amino acid. Hayward, Steenbock and Bohstead 
(1936) found, with rats, that both the Illini and Herman varieties of 
soyabeans were inefficient sources of protein. The addition of 0*3 
per cent. 1-Cystine or the application of heat practically doubled the 
nutritive value of the protein. The commercial preparation of soya- 
beanmeal apparently influenced its protein constitution markedly. 
Low temperature preparations at 105^ C. for 2 hours or cooked at 
82^ C. for 90 minutes left the protein unchanged and similar in nutri¬ 
tive value to the raw product. Cooking at 105^ C. to 121^ C. for 90 
minutes changed the protein to such an exlent that it became double 
the nutritive value of the raw meal. Plimmer and llosedale (1934), 
in an extensive investigation of the relative values of different 
proteins, as determined by the growth method on chickens, found that 
soyabeans were superior in protein to linseedmeal but inferior as com¬ 
pared to fishmeal and meatmeal. Schmidt (1934), in a determination 
of the nitrogen retention of yeast, soyabeans and peanutmeal in pigs, 
found that the nitrogen retention per head was 13 •69 gm. for yeast, 
13‘22 gm. for peanutmeal, and 13*22 gm. for soyabeans. 

In accordance with the general belief that soyabeans are deficient 
in cystine, this amino acid was incorporated in a ration of soyabeans 
and the biological value determined. Until quite recently cystine was 
thought to be an indispensable amino acid. Rose (1937), however 
claims that this is not the case and that methiojiine is the indis¬ 
pensable sulphur amino acid, while cystine only acts as a stimulant to 
growth when methionine is present in sub-optimal (pianiities. 
Weichselbaum (1935), on the other hand, finds that on a cystine 
deficient ration rats develop a spetdfic syndrome, which can be pre¬ 
vented by both cystine and methionine, but that only the former 
amino acid can rectify conditions once symptoms have appeared. 


ExrKHIMKNTAL. 


The biological value of each protein, except for linseedmeal, was 
determined on six individual rates. Due to the scarcity of rats an 
unavoidable change in the general routine of our metabolism work was 
brought about. Instead of running the usual nitrogen low and protein 
periods on six rats and then discarding them, the rats under the pre¬ 
sent conditions were employed for two successive periods of protein 
feeding and one nitrogen low period to serve for both protein periods. 
In our experience this deviation does not constitute a serious source of 
error, since the endogenous nitrogen of rats over a period of a month 
does not vary to any appreciable extent, especially if they are kept on 
a standard ration of 10 per cent, protein before the endogenous 
nitrogen is determined. The rations were compounded to approximate 
9 per cent, of protein and to contain all the other .essential ingredients 
for normal growth. The protein feeds investigated were put through 
a mill and ground into a fine state in order to facilitate homogeneous 
mixing. The cystine incorporated in the rations was prepared from 
.wool. The percentage composition of the rations are given in Table 1. 
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Tart.e 1. 

Coinposition of Rations on Pen'eniatje Basis. 


IngrtidieritH. 

N~low 

Ration. 

Soyabean i 
Ration. 

Linseed 

Ration. 

Soyabean 

and 

Cystine 

Ration. 

Soyabeans. 


35-2 

_ 

34-7 

Linseed meal. 

— 

— 

26 1 

— 

Cystine. 

— 

— 

— 

•20 

Ether Ext. Egg White. 

3-H 

— 

— 

— 

Suerose. 

10-0 

10-0 

10-0 

10-0 

Yeast Ext.(^). 

lOO 

10 0 

10-0 

10-0 

Bntterfat. 

8-0 

8-0 

8-0 

8-0 

Codliveroil. 

20 

20 

20 

1 2-0 

Salt Mixture(2). 

4-5 

4-5 

4-5 

( 4-5 

Agar. 

20 

20 

2-0 1 

2-0 

Starch. 

58-7 

27-3 

38-4 1 

29-6 

NaCl. 

10 

1-0 

.... 

1-0 1 

1-0 

Total. 

100 0 

100*0 

100-0 

100-0 

Per cent. Nitrogen. 

•051) 

1 -51 

1-50 

1-40 


(M Yeast OTctract was pre})ared accordiiii^ to tlu' luetliod of Ittei’, S., Cjreiit, 
K. R., and McCollum, E. V., 1935. J. BloL CheMi., Vol. 108, No. 2, pp. 571-577. 

(-) A modified Osborne and Mendel salt jnixture described by Hawk, P. B., 
and Osier, B. L., 1931. Science, Vol. 74, p. 309. 


Tlie iiitrogen nietabolisin daia as well as the ealculatioii of the 
biological values are presented in Table 2. 

From these figures it will be seen that tlie protein of raw soya¬ 
beans is of an inferior quality. In fact, it exhibits the low^est 
biological value of all the plant i)roteins so far invesiigated. The 
individual biological values vary from 50 to 02 with an average value 
of 55. The ai)parent and tiue digestibilities are lower than those of 
other plant proteins, except lucerne, and average 02 and 81 per cent, 
respectively. It is fairly obvious that the low' digestibility is not the 
primary cause of its poor nutritive value, since when soyabeans are 
supplemented by -20 })er cent, cystine the apparent and true 
digestibility remain practically unaltered, wdiereas the biological 
v'alue of the supplemented soyabean protein is increased significantly. 
Such a decided iiu^rease in the biological value definitely signifies a 
supplementary effect of cystine on soyabeans, and can only be inter¬ 
preted on the grounds that a deficiency of this amino acid in the pro¬ 
tein molecule of soyabeans seriously impairs and diminishes the 
utilization of its nitrogen. The result is somewhat opposed to the new^ 
theory of the dispensability of cystine as recently postulated by Rose 
(1937). According to Rose methionine may be present in suboptimal 
quantities in soyabeans and the addition of 0*2 per cent, cystine 
simply as a stimulant to growTh. This argument, it seems, does not 
fully explain the metabolism data presented in this paper. If cysine is 
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dispensable one would hardly expect that its inclusion in such small 
small quantities would iiuuease the utilization of soyabean nitrogen 
for the composite needs of maintenance and growth as is clearly 
demonstrated by our data. In tact one would expect the addition of an 
amino acid dispensable for tissue synthesis to decrease the biological 
value instead of enhancing it, since such an amino acid will be added 
to the fraction of incomplete assortment of amino acids and 
deaminized witli no actual use for the body. The indispensability of 
cystine in soyabeans which might contain methionine in suboptimal 
quantities is further supported by data obtained from paired feeding 
tests, to be published shortly, in which soyabeans supplemented by 
cystine are superior to soyabeans alone. 

From the biological value of linseedmeal as calculated in Table 2 
it is apparent that its almost universal use in stock feeding is not 
only based on its popularity and palatability but to a large degree on 
the high quality of its protein. The individual biological values vary 
from 74 to 82, with an average of 78. Its apparent and true 
digestibility, as showui in Table 8, are of the same magnitude as 
those of most other plant proteins; the respective vahies being 75 
and 98 per cent. This wT)uld indicate that the higher biological value 
of linseedme^il in comparison with peanutnieal, sesamemeal, and 
coprameal as determined in a previous paper | Smuts and Malan 
(1987)] is due to a better constituted protein molecule in respe(‘t to the 
indispensable amino acids. 


Table 3. 


Sidumdry of Apparent and True DigestihUities. 


Kat 

No. 

Soyabean. 

Rat 
No, : 

Soyabeati and Cystine. 

Linseed. 

Apparent. 

True. 

Apparent. 

True. 

Apparent. 

True. 

1 

64 

81 

7 

57 

76 

75 

94 

2 

60 

79 

8 

64 

86 

74 

96 

3 

62 

81 

9 

67 

93 

75 

100 

4 

60 

88 

10 

69 

88 

76 

94 

5 

60 

79 

11 

57 

79 

75 

97 

6 

69, 1 

78 

12 

66 

85 

73 

91 

Average. 

62 

81 


63 

84 

75 

95 



'... 







" .j, , Summary anl Conclusions. 

By means of the nitrogen balance-sheet method a‘biological value 
of 55 for soyabeans and 78 for linseedmeal at approximately 8 per 
cent, level has been obtained. Utilizing the same method and 
substituting an equivalent amount of soyabean nitrogen by -20 per 
cent, cystine it was found that cystine supplemented soyabean protein 
efiPectively and increased the utilizationjqf its nitrogen by 19 per cent. 
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Plant Proteins. V.—The Biological Value of 
Lucerne and Lucerne Supplemented by 
Cystine in Sheep. 


]ly D. B. SMUTS and J. S. U. MARAIS, Section of Nutrition, 

Onderstepoort. 


liN experiments with rats (1937) it was shown that lucerne i)rotein 
fed at approximately 8 per cent, level, gave the lowest biological 
value of all the i)lant proteins so far investigated. This defective 
utilization of the lucerne protein by rats was then definitely shown 
to be caused by a defi(dency of the amino acid cystine, which, when 
added to lucerne in minimal quantities, enhanced its biological value 
considerably. In view of these findings, together with the 

('ontroversial oi)inions in the literaiure as to the role of cystine and 
sulphur-compounds in the nutrition of slice]), it was regarded as 
essential to attack the question from a somewhat dift'erent angle and 
to ascertain whether the addition of cystine to lucerne has any effect 
on the biological utilization of its nitrogen liy slieep. 

TTiitil quite recently the indispensability of cystine in the 

nutrition of the rat has been recognized universally. Hose (1937) 
now queries the iiidis])ensability of this amino acid and states that 
it only acts as a stimulant to growth when methionine is ])resent in 
suboptimal quantities, and that the latter is in reality the 
indispensable component. However, a number of workers [Haag, 

T. R. (1933), Mitchell, 11. H. (1930), Smuts, 1). B. (1937), 

Schrewsl)ury and Bratzler (1933), Weichselbaum (1935), and Scoz 
(1932) I have shown that the addition of cystine enhances the growth- 
])romoting ])ro])erties of a protein feed deficient in this amino acid, 
and that it is necessary for normal nutrition. Furthermore, it has 
been shown that the addition of minute (juantities of cystine to a 
(ystine deficient ration markedly increases the utilization of the 
absorbed nitrogen of such a ration. These observations, it appears, 
can only be exi)lained by assuming that the added cystine 

supplemented the existing amino acid com})lex in the protein 
molecule, thereby creating an assortment of amino acids more suitable 
for the selective needs of tissue synthesis. The cystine inclusion 
therefore avoids that wastage of amino acid nitrogen v’hich, in 
its absence, would have been incompletely utilized and must 
consequently be regarded as essential in the process of tissue 
construction. On the other hand, Jackson and Block (1932) have 
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shown that on a cystine-methionine free diet d-inethionine and 
formyl I methionine can stimulate growth in rats. Weichselbaum 
(1935), on a Sherman-Merril cystine deficient diet, fouiul that rats 
develop a syndrome which can be prevented by either methionine or 
cystine and that cystine alone could overcome symptoms when they 
have definitely appeared. 

Whatever explanation may be forthcoming, the prepofiderance 
of evidence at present favours the indispensability of cystine in the 
nutrition of the growing rat. It further appears that apart from 
methionine no other known amino acid can replace cystine in a 
ration or that the latter can be synthesized by the rat from simpler 
organic or inorganic suli)Iiur-containing compounds. Rose and 
Huddlestin (192()) and Lewis and Lewis (1921)) found that taurine, 
a derivative of cystine, could not supplement a cystine deficient diet 
for. maintenaiice and growth. Westermaii and Rose (1927) obtained 
no evidence that thioglycollic acid and dithio-dipropionic-acid could 
be utilized for synthesis of cystine by the rat. 

As far as synthesis of cystine from inorganic sul])hur is concerned 
only negative results have been obtained. Daniels and Rich (1918) 
found inorganic sulphates incapable of covering a cystine deficiency 
either for growth or maintenance. Geiling (1917) obtained no change 
in the declining weight of mice on a cystine deficient diet when 
flowers of sulphur were added to it. 

While the indispensability of cystine in the absence of sufficient 
inetliionine holds true for rats and other omnivores, it seems (juiie 
possible that ruminants with iheir complicated and differenlly 
constructed alimentary tract may react otherwise. In fact, t])e 
synthesis of vitamin R by the rumen flora of (‘attle, as ])ostu]a1ed by 
Bechdell, Honeywell, Durcher and Knutser (1928), strongly indicates 
that there are distinct differences in the digestive activities of these 
two types of animals. Reasoning on more or less analogous grounds, 
Rimington and Rekker (1932) suggested that sheep may be able to 
synthesize cystine through a symbiotic action of the intestinal flora. 
Fraser and Fraser-Roberts (1932), in trying to exj)lain the high 
percentage of cystine in wool suggest that the wool follicles 

themselves may perform this special function of transformation into 

cystine. These theories, although probable, can only be solved one 

way or the other if such factors as the cystine content of the ration, 

percentage utilization of cystine for maintenance, growth, and wool 
production,* and the cystine content of the fleece, are determined. 
In the absence of the latter information, it appears but naturel to 
accept Woodman and Evans’ (1932) explanation that there is enough 
cystine in pasture to satisfy tEe needs of grow^th and wool production 
in sheep. 

In our work on the determination of the biological value of 
lucerne for sheep, it seemed as if we could obtain* some information 
on the cystine problem by supplementing lucerne with cystine and 
determining its biological value. If cystine is indispensable for sheep 
and the cystine and methionine content of lucerne too low for 
maintenance, then one would expect an enhanced biological value 
with the addition of cystine if no sjmthesis of this amino acid is 
accomplished. 
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Experimental. 

Four mature wether merinos were used in this experiment. They 
were transferred from a standard protein ration to a nitrogen-low 
ration for 15 days, after which period they were put in metaholism 
cages. The collection periods lasted ten days, and the preliminary 
feeding periods of the protein rations also ten days. The feed for 
each experimental period was weighed out at the start, and from it 
the daily food iequirements were weighed out and placed in paper 
bags, liepresentative samples were taken and analysed in triplicate. 
Sheep were fed once daily and any unconsumed feed of the day 
collected, air-dried and stored. 

Urine was collected daily in 2 per cent. H(d and the urine, 
together with the washings made nj) to a known volume, from which 
a 10 per cent, aliquot was taken and stored. The daily collection 
of faeces was air-dried, weighed, ali(|u-oted and stored in air-light 
containers until analysed. The comimsition of the rations is given 
in Table 1. My lucerne hay is meant sun-dried hay which was chopped 
in convenient lengths to prevent spilling. 


Table 1. 

Co)N p 0 s i t i (> of Ha t io n .s-. 


I^uoerne hay 
Cystine’,... 
CodliveroiP. 

Salt. 

Bone ash^.. 
l)ex starch., 
Agar. 


Total 


A. ! U. 

i 1 

c. 

1 

! 58-0 

' 

.■)6-0 


1 

• 20 

— 

! 20 

20 

2-0 

! 2 0 

2-0 

2-0 

i 30 

30 

3-0 

45 0 

36-8 

73-0 

1 _ 

_ 

20-0 

I 100-0 

100-0 

- . , .. 1 

100-0 





‘Cystine was prepared from wool and contains -114 per cent. N in comparison with 
the theoretical value of 116 per cent. N. The latter figure was utilised. 

‘ lk)ne ash contains 42*0 per cent. Ca and 17*()4 per cent. P. 


Expeim m ental Kesul rs . 

The results of ihe metabolism experiments, together with the 
calculation of the biological values, are given in Table 2. As will 
be seen, the order in which the different periods a]>pear was as 
follows: Nitrogen free jieriod, 8 per cent, lucerne juotein, 8 per cent, 
lucerne protein supitlemented l)y cystine, followed by a nitrogen free 
period. The results of the first nitrogen free period were utilized in 
the calculation of the biological value of the 8 per cent, lucerne 
protein ration. The same procedure was followed in calculating the 
biological value of lucerne supplemented by (‘ystine by using the 
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figures obtained in the second nitrogen free period. In graph 1 the 
inetabolic faecal nitrogen for the two nitrogen free periods is plotted 
against the corresponding tiuantities of dry matter intake. These 
points, except for one, very nearly assume a straight line showing, 
what is generally accepted,’that there is a strong positive correlation 
between dry matter intake and metabolic faecal nitrogen eliminalion. 


Table 2. 

The Apparent and True IHjjestihility of Lucerne and Lucerne 
Supplemented hy Cystine. 


Animal No. 

1 

Lucerne. | 

_ 1 

Lucerne Cystine. 

Apparent. 

True. 

Apparent. 

True. 

i 


71 

90 

o7 

76 

9 . 

77 

97 

59 

79 


74 

88 

64 

82 


79 

87 

65 

82 


7o 

91 

61 

80 




._ 

.. 


Graph 1. 

Relation betwoen Metabolic Fecal N and Dry Matter Consumed. 



Metabolic Facai N par 4ay. 


402 

















D. B. SMUTS AND J. S. C. MARAIS 


The average biological value obtained for lucerne protein at an 
8 per cent, level is (JO. Sheep 1 and 2 in both periods of protein 
feeding gave higher biological values than sheep 8 and 5. This fact 
is not a (^counted for by a difference in digestibility, but is in all 
probability due to a better utilization of the absorbed nitrogen, since 
there is not much difference in the magnitude of endogenous nitrogen 
excretion between these sheep per Kg. body weight. The fact that 
this difference in biological values is so cx)nsistent in the two different 
periods show that it must be due to some inherent differeiK'e in the 
physiological abilities of these sheep to utilize the absorbed nitrogen 
better than their two com])anions. 

The value (iO obtained by us corresponds well with the value 
obtained for this proiein with rats and also agrees very closely with 
the value reported by Satola (1930) for sheep. Satola’s values vary 
from 53 to (iO, with an average of 50. The value reported by Turk, 
Morrison and Maynard (1934) are mu(*h higher and average 79. The 
average a})parent digestibility for lucerne prolein as repoited in 
Table 3 is 75 and the true digesiibiliiy 91. Uur figure a])proaches 
that of Satola but is much higher than 50 as reported by 3hirk and 
his co-workers. 

The addition of cystine to lucerne has no effect on the utilizalion 
of the lucerne iiitrogen. The average biological value under these 
(amditioiis is 58, a value very similar to that obtained when lucerne 
was fed alone. In fact the addition of cystine depresses the apparent 
tligestibility of lucerne protein. This effect also shows up in the true 
digestibilities. In com})arison with the first period of lucerne feeding 
there is a marked increase in the nitrogen elimination in the faeces 
Avhen cystine was added. Whetlier this is due to an incomplete 
al)sorption of (‘vstine or an inhibitory effect of cystine on the other 
nitrogenous constituents, which normally would have been absorbed, 
is difficult to say. It is, however, evident from these i*esults, that 
sheep when fed on an 8 jier (tent, lucerne protein do not need extra 
cystine. These sheep as was stated were mature wethers and would 
consecpiently not have put on new tissue. It may therefore be quite 
])ossible that a more liberal need for cystine may occur during periods 
of active growth. 

Furthermore, although this work .shows that mature sheep fed 
on luceine do not need (ystine for maintenance and wool production, 
it does not exclude the possibility of synthesis of this animo acid. 
Nevertheless from a practical point of view these results are of great 
value since they establish that the utilization of lu(*erne protein for 
maintenance and wool inoduction is not impaired by a deficiency of 
cystine. 


Conclusions. 

1. By means of the balance-sheet method, it has been shown that 
the biological value of lucerne protein for sheep is 60 and that the 
addition of cystine does not effect this biological value. 
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Met{iholism Dat^. ttnd Calculation of Bioloifical Yalue {Daily Basis). 
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Biolo¬ 

gical 

Value. 


^ s 

Gm. 

Food 

in 

Urine. 

i 

0 

Endogenous 

N. 1 

Per 

Dry. 

i 

0 

Per 

Kg. 

M eight. 

Gm. 

Total 

Uni- 

narv 

N.‘ 

. 

s 

o 

N Ab- 
sorbed. 

•uio 

0 

5 .S$ 

Iz'M 

s 

0 

Metabolic 1 

Fecal N. i 

1 

si 

e 

o 

^ C 0 i 2 

a 

0 

N in 
feces 
Daily. 

i 

o 

N 

Intake 

Daily. 

s 

c 

Dry 

Matter 

Con¬ 
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2. The ai)parent digestibility of lucerne protein has been found 
to be 75 per cent, and the true digestibility 91 per cent. The addition 
of cystine depresses the apparent digestibility and to a slight extent 
the true digestibility, the average figures being 61 and 8() per cent, 
respectively. 

3. It has been shown that cystine is not a limiting factor in 
lucerne protein wlien fed to mature sheep. 
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Plant Proteins. VI.—The Amino Acid Defi¬ 

ciencies in Certain Plant Proteins. 

J^y 1). ]i. SMUTS and d. S. C. MAILVIS, Section of Nutrition, 

()nder.ste])ooi t. 


Af/riioiuiH ihe majority of the amino acids were discovered prior to 
1900, very limited data exist con(*ei*nino‘ tlieir relative distrihution. 
Consequently there has been little ap]>reciation of the fact that Ihe 
nutritive value of a i^rotein depends upon the kind and ([uaniities 
of its component amino acids. It is, therefore, not suri)rising‘ that 
the protein recpiiremeiits are most generally exjiressed in terms of 
amounts of digestible protein without any reference to Ihe ditferences 
in (piality. However, the biological value of proteins, as developed 
by Mitchell (1929), takes into account the qualitative differences 
existing amongst proteins, since it measures the magnitude of 
absorbed nitrogen actually utilized by the body. It is, therefore, a 
necessary and essential measure in the calculation of the nett 
efficiency of different proteins for maintenance, growth, etc. Two 
jiroteins may (‘ontain the same amount of digestible piotein, the only 
difference being, that one has a biological value of 40 while the other 
has a biological value of SO. Disregarding (lualitative differences one 
would feed exactly the same amount of the two digestible proteins 
to cover a specific need of an animal. However, when the (piality 
of these two proteins is taken into consideration, it is obvious that 
only half the amount of digestible protein of the latter protein is 
necessary to fulfil the same fundion as the full amount of the 
formei'. 

While the biological value actually takes into accx)unt the 
deficiencies of indispensable amino acids in the protein molecule, 
it does not supply direct information as to the nature of su(‘h 
deficiencies. In order, therefore, to accomplish supplementation 
judiciously, thereby enhancing the quality of deficient proteins, it 
t)econies imperative that the nature of the amino acid deficiencies 
])ievailing in our feeds should be determined. 

Thifortunately no direct and suitable method of determining the 
amino acid content of feeds is available. Chemical analysis is not 
only handicapped by laborious, and in many ways incomplete, 
methods of determination, but also by the fact that such figures, 
while indicative, have no actual biological significance unless they 
are tested out on animals. As a result the method most generally 
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employed is very indireet and of the ‘‘ hit and miss ” type, by which 
different amino acids suspected to be deficient are incorporated with 
a protein and the effe(;t studied by differences in growth response 
under controlled (conditions. 

Rose (1935, 1937), through his extensive studies, has in recent 
years considerably augmented the existing list of indispensable amino 
acids. Apart from threonine (a amino /i hydroxy butyric acid) no 
new indispensible amino acid has been added. How^ever, valine, 
phenylalanine, leucine and isoleucine, which have in the past been 
considered dispensable are now classified by Rose (1937) as 
indispensable, making the ])roblems of determining the amino acid 
deficiencies in feeds even more (*omplicated. 

As far back as 1915 Osborne and Mendel (1915) deinoiistraied 
that /-cystine supplements stimulated the growddi of rats on a casein 
containing diet of low sulphur. Since then many invesiigators have 
contributed (*onfiriiuitoiy evidence of the indispensability of cystine. 
Johns and Finks (1920) found that the addition of cystine to diets 
containing* phaseolin markedly improves the nutritive quality of 
this protein. Similarly Sherman and Merril (1925) found that 
cystine enhanced the growth promoting power of whole milk powder 
overdiluted witli standi. Mitchell and Smuts (1932), in their studies 
on meat protein, showed that ivhile 20 per cent, meat jirotein was 
adequate in cystine, a significant stimulation of cystine on growth 
occurred when this protein constitutes 9 per cent, of the ration. The 
same workers (1932), as w^ell as Shrewsbury and llratzler (1933), and 
Hayward, Steeiibock and Rohstedt (1936), found that cystine wus the 
limiting amino acid in. soyabeans. Indeed, so marked is the grow^th 
response of rats to the inclusion of cystin.e in an otherwise adequate 
ration that Sherman and Woods (1925) actually employed it as a 
method for quantitative determination of this amino acid. Recently,, 
hown^ver. Rose (1937), Reach and White (1937), and Raernstein have 
produced evidence showing that methionine instead of Cystine is the 
indispensable amino acid. Such evidence must awuit further 
confirmation, since it may be possible that these two amino acids 
may have a reciprocal function in nutrition. 

Ry vising Zeiii as the sole protein in a ration for rats, Osborne 
and Mendel (1914) demonstrated in a decisive manner the 
indispensabililjr of tryptophane and lysine. The addition of 
tryptophane tP such a ration satisfied the maintenance lequirements, 
but growth w a.s* actually only attained wJien lysine was incor])orated. 

Several investigators found soyabeans deficient in cystine. How^- 
ever, the suppl^hientary effect of this amino acid on soyabean protein 
was repeated, 'since the possibility existed that all species were not 
necessarily .deficient in cystine. Moiris and Wright (1933) found 
pea nut meal deficient in lysine for milk production, wCile Johns and 
Jones (1917), by ineans of chemical analysis, found no auch deficiency. 
Oonseciuently lysine appeared to be a possible limiting factor in the 
protein of peanut meal. Ko indication of any definite amino acid 
deficiency in linseedmeal and coprameal was available, so that 
cystine, the most easily available amino acid, appeared to be the most 
reasonable to try. 'fhe outcome of these different tests is reported 
below. - 
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Experimental. 

The protein feeds which were of an average commercial quality, 
were finely ground and mixed with the rest of the ingredients of the 
ration so as to give ap])roxiniately 8-10 per cent, of protein. The 
amino acids were incorporated at the rale of ^O per cent., replacing 
an equivalent amount of protein nitrogen. These amino acids were 
carefully mixed with the rest of the ration so as to ensure 
homogeneous distribution. The percentage composition of the rations 
is given in Table 1. The paired feeding method was used throughout 
these studies. In some cases more than six pairs of rats were used, 
l)ut never less. The two rats of each pair received identical amounts 
of food, the supplemented ration in one case and the unsupplemented 
ration in the other. Continuous records were ke])t of all refusals of 
feed, w^hich necessitated a reduction in the amount w^eighed out to 
both members of the [)air-. Itats were paired according to age, sex, 
litter and weight. Eiequently rats weigliing more than the lequired 
weight (()0 gms.) had to be used due lo scarcity of rats. Body weights 
w^ere taken weekly and the initial and final weights w’ere the average 
of three consecutive daily w’eighings. 


Results. 

The results of the paired feeding expeiiments are summarized 
in Tables 2 ajid 8. Any significaince attributed to treatments must 
natuially be based on the differences in total gains of i)air mates over 
the experimental period. The size of these dift'erences and the 
consistency with which they appear determine the probability of the 
conclusions that they favour. The statistical analyses were performed 
in accordance w ith the method of Student (1908) for the interpretation 
of paired experimental data. These (*alciilations are summarized in 
Table 4. The })robability (R) is obtained from the latio of tlie mean 
dift'ei'ence between pair mates to the standard deviation of differences 
and by the number of observations. 4'he value of V naturally 
indicates the significance of the outcome of a treatment. Hence if V 
is e([ual to Ol, it may for all ])ractical purposes be concluded that 
the lesiilt obtained is due to the treatment applied and not to a 
fortuitous outcome due to chance. The greater P be(T)mes the more 
likely it is that the outcome is due to chance alone. 

The sup])lementing effect of tryptophane on peanut meal lias been 
tested out on 9 pairs of rats. As will be seen from these results 
tryptophane sup])leinentation had no effect on the growth promoting 
properties of j)eanutmeal, since -out of the 9 4 )airs in the comparison 
7 favoured the unsupplemented ration, while only 2 favoured the 
sui)plemented ration in total gains in weight. In fact, the probability 
P strongly favours the unsupplemented ration, indicating that the 
addition of tryptophane had in all probability exerted a depressing 
effect on the ration. 

In the case of peanut meal supplemented by lysine negative results 
w^ere also obtained. Out of the 11 pairs in the comparison, 6 favoured 
the unsupY)lemented and 5 the supplemented ration in total gains in 
w^eight. The probability P of *28 for the comparisons of total gains 
is so large that chance alone might well have determined the outcome. 
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This hiidint^ is not in agreement with that of Morris and Wright 
(19d8), who found peanutmeal seriously lacking in lysine for milk 
production. However, it is quite possible that milk production calls 
for an increase of quantity of this amino acid so that peanutmeal may 
under these conditions be short of lysine. On the other hand, Johns 
and Jones (1917), by means of chemical analysis, found no dehcieiuy 
of lysine in the proteins of peanutmeal. 

When peanutmeal is supplemented by cystine the result is 
negative. Although 0 of the (> x)airs show a greater total gain in 
weight when cystine is inc()rj)orated, these gains are not lai'ge enough 
to make the difference statisti(*ally significant. The iu'(d)ability P is 
equal to 157, a value which is far greater than the accef)ted standard 
of significance. Fnder these conditions it must be concluded that 
chan(*e alone could have i)roduced the outcome. If, however, Y)air 1 
is omitted then cystine supplements peanutmeal significanily. After 
our results had been obtained Beach and White (1937) and Baernstein 
(1938) showed that metheonine was the limitiug amino acid in 
arachin, one of the ])roteins of })eanut. Conarachin the other 
l)r()tein, is apparenlly com])lete. Hence it would ap])ear that 
methionine is the limiting indisi)ensal)le amino ac*id in peanutmeal. 

In Table 3 iln* siixq)lementarv effect of cystine on coiirameal, 
linseedmeal and soyabeanmeal has been summarized. Of the (i ])airs 
of rats on the cox)rameal and coprameal sup])lemented by cystine, 
3 favoured the supplemented and 3 ihe unsupplemented ration as 
regards total gain in weight. In the 42 weekly comparisons of gain 
in weight, rats, on tlie supplemented ration, gained 25 times and 
those on the unsui)plemented ration only 1() times. However, tlie 
|)rol)al)ility P, that ihe gieater gain of the supplemented ration has 
been a chance outcome is 118, a value several times greater than the 
critical value of *03. It is, therefore, (‘oncluded that the difference 
in total gain cannot be attributed to the effect of cystine. 

In a comparison of linseedmeal with linseedmeal suxq)lemented 
by cystine, 5 out of the (i pairs favoured the supplemented ration in 
total gain. The probability (P) that this difference in total gains 
is due to charn'e is onlv *028, which means that the chances are 
approximately 34 to 1 that chance alone would have brought about 
such a result. It is clear, therefore, that cystine has exerted a 
supplementing effect on the proteins of linseedmeal. 

That cystine has a definite, sux)j)lementary effect on the proteins 
of soyabeans is seen from Table 3. Of the 6 |)airs in the test all 
responded to treatment of cystine and outgained by far their i)air 
mates on the unsupplemented ration. The probability P that tins 
result is due to chance is ecjual to 0007, which clearly demonstrates 
that this outcome is exclusively due to the inclusion of cystine in the 
ration. 


Summary and Conclusions. 

By means of the x>aired feeding method, the possible indispensable 
aiuino acid deficiencies of fieanutmeal, coprameal, linseedmeal and 
soyabeanmeal have been investigated. 
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It has been found that peanutmeal is not deficient in cystine, 
tryptophane or lysine, but may be in the lij^ht of investigations which 
appeared after the work had been completed, deficient in methionine. 
Coprameal is not deficient in cystine, while linseedmeal and 
soyabeanmeal are definitely deficient in cystine. 
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The Blood of the Ostrich.* 
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Officer, Sfellenboscli-Elseiiburg (’ollege of AoTieiilture of the 
University of Stellenboseh. 


INTRODUCTION. 

lU.ooi) is subject to niiiny diseases and the study of haematology not 
only yields iiifoiiuation concerning these diseases but often also 
furnishes valuable information for use in the interpretation of 
disorders which primarily affect other parts of the body. However, 
all knowledge about the state of the blood during disease is useless 
without com|)arative data for healthy blood. 

The ])urpose of this treatise is to present haematological data 
for use in the study of diseases of the ostrich, and to render possible 
a comiiarisoii of the data on ostricli blood with those on tlie blood 
of othei* animals. 

Ill Older to avoid repetition, the techniijue, results and discussions 
of each phase of the investigation are grouped together, whenever 
])ossible, and the work is presented under the following headings: — 

1. Subjects used for determinations. 

2. Marking of ostriches. 

3. (k)llecting the blood. 

4. Preventing the coagulation of the blood. 

5. Preparation of smears. 

(). Staining of smears. 

7. Cell measurements. 

8. Morphology of the blood. 

9. Erythrocyte counts. 

10. Relative volume of corpuscles and of plasma. 


* Thesis approved for the degree of D.V.Sc. by the University of South 
Africa. (March, 1938.) 
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11. Minimum and maximum resistance of red cells. 

12. Osmotic pressure on the red cells. 

13. Haemoglobin content. 

14. Leucoc.yte counts. 

15. Differential counts. 

1(1. Thrombocyte counts. 

17. Viscosity. 

IS. Specific gravity. 

19. Phosphorus, calcium, sodium, magnesium and potassium 
content of the blood. 

20. Total blood volume. 

21. (leneral discussion. 

22. Spnimary. 

The blood of birds has been little investigated compaied with 
that of domesticated mammals, and literature referring to the blood 
of the ostrich is very meagre indeed. Table 1 comprises all the 
records (relating to the blood of this bird) revealed by an exhaustive 
search carried out with the assistance of the Staff of tlie Imperial 
Bureau of Animal Health, Weybridge, Surrey, England. None of 
the six investigators mentioned in Table 1 indicated the techni(|lie 
employed for collecting the blood, neither was (here any mention of 
the number of birds from which blood was collected, nor I he number 
of blood samples examined. 

It would appear, therefore, that the data were obtained 
incidentally in the course of other studies; and it will be observed 
that, although the erythrocyte counts given by Malassez (1872) and 
Hayem (1879 and 1889) are in fairly close agreement, they differ 
considerably from that of Venzlaff (1911). The cell lengths recorded 
by Malassez and Venzlaff also differ appreciably from those given by 
Gulliver (1875) and Hayem. But in any case, great accuracy can 
scarcely be expected in the cell counts and cell measurements by the 
early investigators, considering that in those days the apparatus was 
not so accurately calibrated as it is to-day. 

The ostrich is a domesticated bird with a very ancient history 
and the following information given by Wormser (1930) may prove 
of interest. A specimen of the bird was found in a sepulchral 
chamber of the 18th dynasty which is supposed to be contemporary 
with Moses and frequent mention of the feather is made in Egyptian 
hieroglyphics. Arsenoe, an Egyptian queen before Cleopatra, caused 
to be erected a statue of herself seated on an Ovstrich, and in Roman 
pubilie functions the feather was much worn and the bird was ridden 
by ladies of noble birth. The beauty of the feather has been praised 
in allfages and from time immemorial the plumes have been sought 
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for personal adornment. Warriors wore them as early as 1350-1100 
B.C. and ostrich eggs were greatly prized and used for ornamental 
and religious purposes. The plumes formed part of the tribute 
imposed by Egyptians on conquered countries. 

In (he light of these facts and in view of the important role 
which the ostrich has already played in the economic history of 
South Africa it is surprising that the haematology of this bird has 
not received more attention, particularly, from veterinarians in South 
Africa and that there is (comparatively little scientific veterinary 
literature about the ostrich. This lack of information cannot be 
ascribed to the bird’s immunity from disease, for, though the grown 
animal is very hardy, yet when young—particularly when under 
three months—it readily succumbs to disease. 

That it is susceptible to a number of affections is well known, 
though to judge by the literature only a few of these have been 
scientifically investigated. This may be attributed partly to the fact 
that countries other tlian South Africa had little interest in the 
ostrich featlier industry; for, during the years in which it flourished, 
it was almost entirely inonopolised by South Africa, since the bird 
is indigenous to this country, and legislation 
exportation of ostriches or even of fertilised eggs. Moreover at that 
time there were few veterinarians in South Africa and they were 
fully occupied with the many sto(‘k diseases then rampant, which 
owing to the havoc they were (causing doubtless warranted more 
attention. Apparently no one ([ualified to do so had sufficient leisure 
to make a thorough study of the hygiene and diseases of the ostrich 
and to present the information for the guidance of others. Besides, 
veterinary haematology and especially avian haematology was then 
much less advanced than it is at present. 

For almost halt a century the ostrich indusiry was of very great 
importance to South Africa and formed the most lucrative branch of 
farming. At one time ostrich feathers were second only to wck)1 as 
an agricultural export. From the yeai* 1860, when 2,361 lbs. of 
feathers valued at £19,726 w^ere exported from South Africa 
(Wormser 1930), the exports steadily im*reased, excei)t for minor 
fluctuations, till 1913, the j)eak year of the industry, when 
1,023.307 lbs. valued at £2,953,587 were exported. At the end of 
1913 there were 776,313 ostriches in South Africa, and before the 
collapse of the industry in 1914 as much as £1,000 was paid for a 
good breeding pair, and the prices obtained for (hicks varied from 
£5 to £50 (Official Year Book of the Union of South Africa, 
1910-’17). Feathers realised as much as £100 per lb. during the 
boom (Laite 1915). 

The ostrich feather industry forms at present one of the lesser 
branches of South Africa’s agricultural activities, and may be said to 
have been moribund for many years in so far as the value of the 
feather as an article of adornment is (*oncerned. Still, it does not 
seem likely that ostrich feathers will ever pass quite out of favour, 
though the price may fluctuate in accordance with the vagaries of 
fashion. The ostrich is being exploited also in other w^ays—its skin 
is used for wallets, handbags, attache cases, tobacco pouches, shoes, 
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etc., and the meat, particularly when dried (biltong), and the eggs 
are relished by many people. The following paragraph recently 
appeared in the press: — 

“ Having discovered that ostrich meat has a delicious 
flavour, the Moscow Zoological Park has begun breeding 
08 tri(*hes on a large scale, with the object of establishing large 
flocks in the Southern Steppes of the Soviet Union. Because 
of its thick layer of fat, which originally served as a protection 
from the Semi-tropical sun, the ostrich can endure the cold 
Russian winter, even at the latitude of Moscow.’^ 

The knowledge gained from veterinary research work in 
connection with the ostrich would, therefore, serve the interests not 
only of science but of trade, especially if there should be a revival 
of. the feather industry. It is hoped that these studies will add a 
link to the chain of that knowledge. 

Incidently it may be mentioned that the literature discloses no 
data about the blood of any kind of. South African bird—apart from 
the chemical analyses by Malan (1930)—and it will be seen from 
Table 2, which embraces most of the observations on the cellular 
elements of the normal blood of the domestic fowl, that the results 
show marked discrepancies, especially in respect of the total 
leucocyte and thrombocyte counts and the percentages of the types 
of leucx)cyteR. Moreover, blood observations made overseas are not 
necessarily applicable to South African birds, for, as is well known, 
the blood picture varies more or less with breed, climate, 
geographical habitat, etc. 

SUBJECTS USED FOR DETERMINATIONS. 

As the primary object of this work was to obiain information 
about the blood of normal ostriches the intention was to utilise, for 
the purpose of research, birds hatched either in an incubator or 
naturally and removed immediately to an area where there was no 
risk of worm infection—to which the ostrich is very susceptible—and 
where they could be so attended to as to remain in perfect health. 
But incubator-hatched birds were unobtainable and the writer had 
to content himself with six chicks which had been hatched by a 
semi-wild ostrich, and which Were already about two weeks old when 
they were caught. Luckily they proved later to be three hens and 
three cocks and consequently the blood of the sexes (*ould be 
compared. 

Before capture these birds had the run of a big farm on which 
there w'ere few other ostriches and it was, therefore, considered that 
little, if any, worm infection could have occurred within so short a 
period. They were then reared in a camp on* the Stellenbosch- 
Elsenburg Agricultural College farm, Mariendahl, Stellenbosch 
district, where they had considerable freedom and where there had 
been no ostriches for many years (perhaps never), not even within a 
radius of many miles. Furthermore, as the four species of worms 
khown to be harboured by the _o§trich, viz., the tape-worm, 
Houtiuynia HruthiomSy and the nematode^, Codiostomum struthionis, 

428 




O. T. DK VILLIKRS. 


Or nitho strong ylus douglasii and Contortospiculum spicnlaria 
(Monnig 1929 and 1934), are not known to occur in any other species 
of animal, little, if any, worm infestation was anticipated. This 
expectation was fortunately realised, for faeces examinations made— 
by the centrifugal flotation method described by Mbnnig (1934)— 
during: the course of the research work proved neg:ative and also on 
post-mortem examination no worms were found. The administration 
of vermicides was, therefore, unnecessary, and possible blood changes 
due to such treatment was accordingly eliminated. Care was taken 
also t^o ensure that the birds remained entirely tree from ectoparasites. 
Five of the birds—numbers 1 to 5—showed no trace of disease, either 
during life or on post-mortem examination, and their blood may, 
therefore, be (considered to have been normal. 

The remaining bird, number (>, when about six months old, 
dislo(‘ated a metacarpo-phalangeal joint and the dislocation could 
not be remedied. In consequence the bird had a cliib-foot, and as 
the joint always came in contact with the ground a large tumour-like 
formation developed over the part exposed to the ground. Otherwise 
the bird was perfectly healthy, for on post-mortem examination it 
showed no internal evidence of disease. As it could not be considered 
perfectly normal, the results of the examinations of its blood are not 
included with those from ihe normal birds, but they arc' nevertheless 
lecorded for the ])urpose of comparison. 

It would, of ('ourse, have been better to have liad a huger number 
of absolutely healthy birds for these blood observations, but sufticient 
lucerne-grazing, so essential to the well-being of ostriches kept in a 
limited area, was not available. Their other food consisted of a 
])lentiful sup})lv of chopped bones, oats, mangolds, etc*. Some of the 
observations, such as cell-counts, etc., were repeated at intervals 
fiom the time when the birds were about seven months until they 
were about two years and eight months, viz., until they were fully 
mature. 

The blood of sixteen other ostriches was Jilso examined. Fleven 
of these—numbers 7 to 17—were semi-wild full-grown birds caught 
on the farm “ Nagwag Bredasdorp District. They appeared 
healthy, but the \\riter was unfortunately not given an opportunity 
of conducting post-mortem examinations on them. Faeces from only 
a few of these birds crould be examined and these (‘ontained many 
worm eggs. As none of the birds had ever received vermicidal 
treatment, it is most likely that all of them were worm-infested. 

The remaining five birds, 18 to 22, w^ere seint-wild ostrich chicks 
sent to the writer from the farm “ van der Stelkraal ”, Bredasdorp 
District. These birds showed marked unthriftiness, and on post¬ 
mortem examination they were all found to be severely infested with 
worm parasites, particularly tapeworms. As it is impossible to judge 
of normality from external appearance alone, only the results from 
birds 1 to 5 will be considered as results from normal birds, and 
those from numbers 7 to 17 and from numbers 18 to 22 will be classed 
respectively as from clinically healthy ostriches and from unthrifty 
ostrich chicks which on post-mortem examination showed marked 
verminosis. 


429 



THE BLOOD OF THE OSTRICH. 

It was difficult to make observations as the nearest farm—other 
than Mariendahl—on which ostriches were kept was over a hundred 
miles distant from the laboratory. 


Classification of the Ostrich. 

There are different opinions regarding the classification of 
the ostrich. Cronwright-Schreiner (1898) gives the following 
classification : — 

1. North African bird— Struthio camelus, 

2. South African bird —StrutJiio mistralu^ 

3. Somali Ostrich —Struthio molyhdoptumus. 

In South Africa the industry was started with the Struthio 
australis^ but as the feather of the North African bird, Struthio 
camelus, proved superior, a number of these birds were introduced 
at different times to improve the stock. Cross-breeding was successful 
and, as the hybrids are fertile, a certain percentage of the birds in 
South Africa are crosses between the two species, Struthio camelus 
and Struthio australis. The birds used in this work, how^ever, had 
the characteristics of the true South African bird, namely, Struthio 
australis. 


The Marking of Ostriches. 

As ostriches look so much alike—even the sexes being difficult to 
distinguish until the birds are about a year old—it was necessary to 
mark the birds on which repeated observations were being made, so 
that they could be readily identified. They were, therefore, branded, 
for branding is a simple and most effective way of marking an 
ostrich. Clips in the wung were considered undesirable, as they 
sometimes cause inflammation and possibly leucocytosis. 

A piece of wire, about 7 mm. in diameter and 18 inches long, 
was bent at right angles, so that the short arm of the wire was two 
and a half inches long. The six birds kept at Mariendahl were each 
branded on the right thigh in Roman letters, viz., I to VI, when 
they were four months old and the letters were placed sufficiently 
low and were big enough to be seen readily from a distance; thus 
any unnecessary handling of a bird was avoided. The wire, heated 
to a, dull red, was applied just long enough to burn through the 
epidermis. Excessive burning, particularly w^hen a small brand with 
ordinary lettering is used, sometimes results in sp much scar tissue 
formation that the actual lettering is obliterated. If chicks under 
three months have to be branded, it is best to brand them on the 
side of the abdomen, for the thighs are then still covered with down. 
A fine wire should then be used. Healing is usually complete after 
five weeks and the mark probably remains for life. Determinations 
recorded were made only about two-~months^ after tfie wounds had 
completely healed. 
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(Collecting the Blood. 

From ostriches up to the age of about four mouths small amounts 
of blood, such as for cell counts, are most easily obtained by 
puncturing the brachial vein just above the shoulder joint. The bird 
is laid on its side on a table or box of convenient height, and is 
suitably controlled by one or two assistants. It is much easier to 
restrain troublesome birds, if the hock joints are flexed and then 
immobilised by means of cords, or preferably soft linen bands, as 
the skin is easily chafed. The uppermost wing is held extended and 
the site is cleansed with a j)ledget of cotton wool moistened witli 
alcohol. The vein, which is easily seen when the wing is extended, 
is then slightly compressed opposite the shoulder joint with the thumb 
of the left hand and when the site is quite dry the vessel is punctured, 
an ordinary hypodermic needle being quite suitable for the purpose. 
The needle should be held in a position vertical to the course of the 
vein ; if the puncture is made obliquely, the skin stret(‘hes slightly, 
with the result that when the needle is withdrawn the skin retracts, 
preventing the free flow of blood. The blood then collects on the 
fold of the skin which fills the angle between the humerus and the 
ribs, and the required amount of blood can then be correctly drawn 
up in a blood cell count or other kind of pipette. Blood cell count 
pipettes (Thoma-Zeiss and Trenner) were always used for diluting 
the blood in the case of young chicks, as much blood could not easily 
be obtained, nor was it desirable to extract much blood. Haemorrhage 
may be airested by pressing a finger on the wound for about one 
minute, but after release of the bird bleeding generally stops quite 
soon. 

When a fail* quantity of blood was needed, as for the purpose 
of determining percentage volume, etc., it was drawn from the 
brachial vein l>y inserting into it a hypodermic needle with a bore 
of about O f) mm. and drawing off tlie required amount of blood 
with a syringe. As a iieedle of such fine bore has to be used the 
blood seldom flows satisfactorily of its own accord even when the 
vein is well compressed. (Differences between counts made of blood 
drawn off' with a syringe and of blood which flowed out spontaneously 
were negligible). Very young chicks should be handled carefully 
as they readily succumb to injury. 

In older birds, sufficient blood for ordinary haematological 
determinations can be obtained from either the right jugular oi* n 
brachial vein, for these veins are well developed. The blood was 
Visually collected from the right brachial vein, which is easily 
accessible; the birds usually resent handling of their necks. They 
persist in swaying them about and they usually struggle if attempts 
are made to control the neck. The needle, therefore, easily becomes 
dislodged. The procedure adopted here was based on tlie nietliod 
of Neser (192rl) and is as follows: — 

The birds are driven into a small enclosure and by means of 
a stick—about six feet long, to one end of which a thick piece of 
hard wire bent into the shape of a hook is attached—the bird is 
gripped at the back of its neck just below the head. The bird 
immediately rears and with the right hand it is then caught at the 
back of the neck. Very tame birds may be caught without the aid 
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of a stick. A black stockiiio- or some other type of blinker porous 
enough to admit sufficient air but too dense for the bird to see 
through is pulled over the head. When once the head has been 
caught there is little danger of being kicked, and it is surprising 
how helpless and docile an ostri(‘h becomes when it cannot see. 
The bird is then manoeuvred into a V shaped crush just long enough 
to accommodate it. The back of the ostrich is on a level with the 
top of the crush. (Fig. 1.) 



Figure 1. 

It is not desirable to use galvanised iron for making the crush, 
for noise caused by the kicking of the birds frightens them and they 
become very restless. Neithei’ should the crush be built close to 
trees for their rustling On a windy day also excites the birds. Flooring 
bourds were found very suitable. Their surfaces should be planed 
smooth otherwise the ostrich can get a hold on rough surfaces witli 
its claws and thus lever its body backwards and upwards and make 
control difficult. Thinner boards might be broken by an adult bird. 

In th^ crush the bird is controlled by one or more assistants 
applying their hands to the ischial bones and j)ashing the bird 
forward, while others push him downwards by applying their hands 
to the sacral region, and at the same time another assistant lifts the 
right wing. The operator stands on the left side of the bird, and 
during the operation of inserting the needle into the vein and collec¬ 
ting the blood he presses with his fore-arms on the bird^s hack thereby 
also helping to prevent its moving upward. Occasionally a bird will 
flop down and refuse to get up. It is best then to drag it out of the 
crush and to press it dowui so that it^mimot ^et up while the blood 
is being draw’n. At least three men are required to keep an adult 
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ostrich down. Attempts were made to control birds in the crush by 
tyin^ ropes round them to obviate the use of many assistants, for 
at least four are required to control a restless l)ird. This method, 
however, proved undesirable, for the feathers were easily dislodged 
and the skin was badly chafed by the ropes. 

The semi-wild birds from which blood was collected in the 
Bredasdorp district, when once they were caught, struggled much 
less than the six birds kept at Mariendahl, and they did not very 
vigorously resist the drawing of blood from the jugular vein; no 
doubt they were too scared to do so. Of the six “ Mariendahl ’’ 
birds five soon became used to being handled and scarcely resented 
the inseition of the needle, so that less assistance was required. But 
the remaining bird, No. i), always ])iit up a struggle. 

In an adult ostrich the brachial vein measures about b mm. in 
diameter, and a hypodermic needle al)out 4 cm. long and with a bore 
of about 1 mm. in diameter was found quite suitable for insertion 
into the vein of a full-grown bird. For younger birds a needle with 
a diameter of ()•? mm. was used. The wings were used alternately 
when fairly frequent collections were made and sometimes the blood 
was obtained from the jugular in order to eliminate the possibility 
of contamination by intiammatory ])roducts. But it would appear 
that phlebitis is not easily induced in the ostrich. It was never 
once observed and it is surprising how soon tlie puncture wound, 
or indeed any wound, heals in the ostrich. 

In the adult bird the skin overlying the vein is fairly thick 
and its colour is blue like that of the vein; the vessel cannot, 
therefore, be seen until the blood flow is slightly impeded by gentle 
compression, which is also necessary in order to obtain a free flow 
of blood. When the needle is inserted it should be pushed in at a 
very acute angle and in a direction against ihe flow of blood, so 
that its point is at least 0-5 cm. from the point of entry into the 
vein; otherwise the opposite wall of the vessel may be penetrated 
or, if not inserted dee])ly enough, it may slip out if the bird struggles 
slightly. 

A 20 per cent, solution of lithium citrate and powdered heparin, 
which are again referred to under “ Preventing Coagulation of the 
Blood ”, were used as anticoagulants. Lithium citrate was used 
in the early part of the work, but was later replaced by heparin, 
and the blood was collected in bottles with necks about 0 * 5 centimetre 
in diameter and graduated as described by* Neser (192f3). Each 
bottle contained such an amount of the lithium citrate solution, or 
of the powdered heparin, that when the bottle was filled to the mark 
on the neck, there W'as 1 part of lithium citrate to 199 parts of blood, 
or 1 part heparin to about 5,000 parts of blood. It is not always easy 
to fill the bottle accurately to the level of the mark but since such a 
small proportion of anticoagulant is used a slight error in the level 
is not significant when a fair quantity of blood is drawn. The blood 
was, however, always collected in such small amounts and at such 
intervals that the observations may be regarded as alw^ays having 
been made on normal blood. 
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According to the observations by Neser (1923), the rate of the 
circulation is a very important factor in the distribution of the red 
cells, a sluggish peripheral circulation resulting in a concentration 
of the red cells in the periphery and the reverse in the jugular vein. 
He considered the jugular vein in domestic mammals the best source 
from which to (M)llect blood, and his reasons may with advantage 
be repeated here : — 

1. The whole circuit is comparatively short and the flow of 
blood is fairly rapid. 

2. The circulation of the head is relatively larger than that 

of any other accessible part of the body, and for this 
reason the relative (‘hange in the blood for a given 
activity will be least. 

3. There is little, if any, obstruction to the flow of blood in 

the jugular vein owing to the action! of gravity. 
Stagnation is, therefore, impossible here under normal 
circumstances, and the blood is conseciuently thoroughly 
mixed.” 

Ponder. (1934), on the other hand, remarks: In spite of 

occasional statements to the contrary, it seems to be established that 
the red cell count is the same in normal arterial, venous, and freely 
flowing capillary blood, and that it is the same in normal blood 
taken from ( entral and peripheral vessels (Rud, 1922-23, McCay, 
1928).” 

The wing vein of the ostrich may, for the reasons mentioned by 
Neser, be considered more suitable than the jugular, for the 
circulation is much shorter in the wing than in the neck, while the 
other two reasons are equally applicable to the wing vein. Besides, 
as already stated, blood is more easily obtained from this source. 

Counts and percentage volume determinations were made from 
blood extracted from the jugular and also from the wing vein, but 
they differed only within limits of error, so that, both for theoreti(‘al 
and practical reasons, the brachial vein may be considered the most 
suitable in the ostrich. 

Preventing Coagulation of the Bt.ood. 

In testing ostri(*h blood to determine its coagulation time, it 
was observed that clotting is usually much delayed, and often 
samples of whole blood, still uiu oagulated, were discarded days later. 
Usually samples did not coagulate for several hours after they were 
collected but sometimes it did happen that coagulation occurred 
within an hour.; The great advantage of this unusual property of 
ostrich blood was that observations could also easily be made on 
whole blood and these could he compared with those made on blood 
containing anticoagulants. 

Bainbridge and Menzies (1919) state; ‘‘The blood of birds 
contains no platelets, and will not clot, if it is drawn directly from 
a blood vessel without contact with the tissues. It, however, it is 
allowed to flow over the adjacent 'tisBues in its passage from the 
vessel, it will coagulate readily.” 
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This statement requires modification, for, though the blood of 
the ostrich does not readily clot, this is not true of fowl blood. The 
writer has on many occasions drawn blood—by means of a syringe— 
direct from the hearts of fowls ac!(‘ording to the method of Sloan 
and Wilgus (1930), and also from their wing veins, and coagulation 
usually occurred within a short period even when the inside of the 
syringe barrel was coated with vaseline. According to Dukes (1934) 
the period of coagulation for fowl blood is 4^ minutes, and Johnson 
and Connor (1933) who determined the coagulation time of the blood 
of 12 fowls found ihat it varied from 1 minute 10 seconds to 14 
minutes 15 seconds with an average of (> minutes 21 seconds. Kaiipp 
(1929) states the period to be 30 seconds. It is, of course, generally 
agreed that, though platelets as seen in manimalian blood do not 
occur in avian blood, the thrombocytes in birds’ blood serve the same 
purpose as the platelets. 

Ostiicdi blond sometimes clots (jiiickly, especially in warm 
weather, once it has been in contact with the tissues or if brought in 
contact with blood that has already coagnilated. It was also noticed 
that the blood coagulated more readily wdien the bottles were filled 
slowly because of obstruction in the needle or when a needle with 
a very fine bore was used. 

It would appear that the prolonged coagulation time of ostibdi 
blood cannot be correlated with a low calcium content of the blood. 
From Table 29 it will be Jioted that the calcium content of ostrii h 
blood averages 10-1 mgms. per 100 c.c. blood. This figure is higli 
compared wdth the values given for some animals w hose blood (dots 
very readily. For example—to give only a few* figures as recorded 
by Dukes (1934)—the calcium content of the blood of the ox is 
71 mgms. per 100 c.c. and the coagulation time (ii minutes, the 
(‘orresponding figures for the dog being O O mgms. and 2i ininutes 
and fo]' the cat 5 5 mgms. and 1 to 3 minutes. Oalcium values, 
reported by Knowles (1934) for hens not in lay, vary from 8 to 12*3 
mgms. per 100 c.c. blood. 

As coagulation of samj)les sometimes did take place before it 
was possible to complete the observations, it was necessary to use 
an anticoagulant. Neser used a i)er cent, sodium citrate solution 
as anticoagulant in the i)roportion of 1 ])ai*t anticoagulant to 9 ])arts 
of blood, and the writei’s intentioii was to use, also in the same 
proportion, an isotonic solution of a suitable anticoagulant so that 
true percentage volume readings could be obtained. It was, howt'ver, 
soon realised that, whereas it is possible to fill up the bottle 
containing the anticoagulant to a definite mark when collecting 
blood from a docile animal like the horsei it is difficult to do so 
w’hen extracting blood from an ostrich. As a rule, the birds are 
restless, and as the operator has to collect blood from the under side 
of the wing while usually standing* on the opposite side, it is often 
i])ipossible to fill up the bottle exactly to the mark. Jliis necessitates 
the subsequent addition of saline or the removal of blond, and 
therefore additional calculations have to be made. 

It was, therefore, decided to find an anticoagulant of which such 
a minute quantity need be used, either in solid or liquid form, that 
corrections need not be made even if the bottle is filled up slightly 
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above or below the mark. ^)tlium citrate, potassium citrate, lithium 
citrate, sodium oxalate, potassium oxalate and sodium fluoride were 
tried in solid form. But it was found that, when these were used 
in such quantities as would invariably prevent coagulation, slight 
haemolysis sometimes resulted, as was evidenced by tinged plasma 
when the blood was centrifuged. The aforementioned salts in 
powder form were, therefore, considered unsatisfactory, as the degree 
of haemolysis could not be (jontrolled. It was finally found that 
0*6 c.c. of a 20 per cent, solution of lithium citrate to 99-5 c.c. of 
blood invariably prevented coagulation and never caused any 
haemolysis. Moreover, as lithium citrate is a salt that does not 
occur in the blood, corrections need not be made in chemical analyses 
of the blood. 

The lithium citrate solution, however, (muses slight crenation 
of the cells, and consequently a true percentage volume reading is 
not obtained. But it will be shown under “ Relative Volume of 
Corpuscles and of Plasma ” that, by applying a small correction 
ta(;tor to percentage volume readiifgs obtained with citrated blood, 
such readings may for i)ractical purposes be regarded as identical 
with those- of whole blood. 

Heparin, which was unprocurable in South Africa at the time it 
was first required, was tried later and proved an even more suitable 
anticoagulant, for, when used in the prop()rtion of 1 mg. to 5 c.c. 
blood as wms used by Wiseman and Bierbaum (1982) for human 
blood, it also invariably prevented coagulation. Haemolysis wt\s 
never observed and diflerences, when present in the percentage 
volume readings of whole blood and of heparinised blood, were 
insignificant. 

The aforementioned workers state: “ After weighing out this 
quantity a few times to visualise the approximate volume involved, 
the quantity of heparin added to each tube may lie estimated without 
disturbing the accuracy of the test This procedure was adopted 
by the writer and proved satisfactory. 


pRErAll.ATTOX OF SmEARS. 

Opinion differs considerably as to the most satisfactory method 
of making blood smears suitable for differential counts. According 
to Neser ^923) the distribution of the leucocytes is often movst irregu¬ 
lar when smears are prepared by the slide method, viz., by placing 
a drop of blood on one slide and causing it to spread by pushing it 
with the ed/ge of another slide. He states that as a rule the leucocytes 
are evenly distributed throughout the smear by his coverslip method 
in which the blood is spread between a slide and a coverslip, instead 
of between two coverslips, as is customary in determinations on 
human blood. However, he does not record differential counts made 
from smears prepared in both ways, indicating the differences in the 
counts. De Kock (1931) slightly modified Neser’s method by substi¬ 
tuting a squarely cut portion of slide glass for the coverslip and 
states that the method gave more uniform results than smears 
prepared in any other way. Many cither workers also favour the 
coverslip method. “ • 
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On the other hand, Scdiiiling* (19d5) deseribes only the slide 
method. Wirth (1931) is of opinion that the distribution of 
leucocytes is as even with the slide method as with the (ioverslip 
method. Lucia and Lucia (1928) give counts made in different 
ways from smears prepared by the slide method and state: — 

It was found tliai the counts in every case fell within one 
standard deviation of the group. If the probability of variation 
around the mean (standard deviation) is taken into consideration, 
no advantage (‘an be ascril ed to the coverslip over the slide method, 
as far as distribution of cells is concerned.” 

Kolmer and Boerner (1931) descril>e both methods, and theii 
only comment is:—‘‘The coverslip method is j)referred l)y many 
clinical pathologists, although it tends to i)roduce rupture of the 
leucocytes.” In other text books consulted usually both methods 
were also described, but no preference was mentioned. The writer 
also consulted several well-known haematologists, and they pre})are 
smears for differential counts only by the slide njethod. 

Messis. Arthur Thomas & Co., IMiiladelphia U.S.A. have })la(‘ed 
on the market a Differential Counting and Staining Outfit ” 
invented by ITausser. With Ihis oiitfil, smears are prepared as in 
Ihe coverslip method, the blood being si)read with a small 
rectangular block of glass on a specially thick glass slide. The 
following remarks from the firm’s 1931 (’atalogue edition, in which 
the outfit is advertised, may be (juoted here: “It is difficult to 
obtain blood smears of uniform thickness over a large area with any 
techni(]ue when ordinary micros(*o[)ic slides and coverglasses are 
used, because of the curvature in the surfaces of both. It has been 
stated that this usually amounts to a full wave-length in a linear 
distance of 1mm. Since a wave-length is about (iOO microns, and 
a blood cori)uscle measures about 10 mi(*rons, it is evident that, 
while at one point absolute contact may be possible, there may be 
sufficient iineciuality of surface at a distance of only 1 mm. from such 
a point to ])ile up a layer of not less than sixty corpuscles, when 
smears are so made.” 

Therefore, it does not appear to have been definitely established 
yet that the coverslip method gives a more even distribution of the 
leucocytes or in any case a so much more regular distribution as to 
l)e of practical importance. 

8meais may be easily and satisfactorily })repared, by the 
(‘overslip method, from the blood of aniniaU which can be brought 
into a laboratory or sheltered place in which the air can be kept free 
from dust, but in the case of the ostrich this is not so easy. Ilsually 
ostriches are not stabled, but are allowed to pi(‘k up their food on 
the veld, and they can only with difficulty be driven into a stable. 
Under ordinary field conditions, therefore, smears have to be 
prepared in the open, and as the surface of the glasses have to be 
scrupulously (dean in the coverslip method it is difficult to prepare 
sucb smears on a windy day as the dust so quickly settles on the 
glasses. Moreover, the numerous fine scales on the feathers of the 
ostrich easily become dislodged and settle on the glasses. 
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The coverslip method of Neser as modified by I)e Kock was tried 
and, apart from the above-mentioned disadvantage associated with 
the coverslip method when applied to the ostrich, the writer often 
had to make a number of smears before a satisfactoiy one was 
obtained even on quiet days when the surfaces of the glavsses were as 
clean as could be expected. The slides were always cleaned with 
bichromate of potash and nitric acid and kept before use in absolute 
alcohol but owing to the unevenness of the slides—though high 
quality polished slides were alv/ays used—the blood would not spread 
properly on many of them, and consequently the smears were too 
thi(*k. Smears could, therefore, not always be prepared quickly with 
the result that the flow of blood from the needle had to be unduly 
prolonged—a matter of considerable inconvenience when dealing 
with a restive animal. Apart from the loss of blood, the bird soon 
becomes uneasy and the needle is either dislodged or the blood-flow 
ceases and the needle has to be reinsei ted. 

Thin smears from ostriches can be easily prepared under field 
C{)nditions by the slide method described by Neser (192d), slightly 
modified as indicated below; 

A platinum loop is' attardied by means of sealing-wax or other 
suitable adhesive to the end of the slide used tor spreading the 
blood and one of the corners of the op])osite end of the same slide 
is cut off, so that the length of the spreading edge is about 1*5 
centimetres. (Fig. 2.) 



Figure 2. 


1 he slide to which the loop is affixed is held at its edges with the 
thumb and forefinger and about midway between its ends, and a 
drop of blood is then taken up with the loop. After the drop has 
been deposited on to another slide held in the left hand, the slide 
carrying the platiniim loop is simply tilted a^nd with its narrow edge 
the blood is spread in the customary iBanner of pushing the spreader 
towards the other end of the under slide. 
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The process of first putting the loop down and taking up the 
slide for spreading the blood is thus eliminated and the smear is, 
therefore, prepared more quickly. In making smears from ostrich 
blood in which not only the thrombocytes but also the leucocytes 
clump very soon after the blood is drawn, a delay of some seconds in 
spreading the blood may vitiate the making of a smear satisfactory 
foi difierential counts. 

By using a narrower spreader the blood is prevented from 
spreading over the long edges of the under slide and thus leucocyte 
counts can be satisfactorily made vertically across the smear, as 
ihe edges of the smear can be included in the fields examined. The 
size of the loop used for taking up the blood was always such that 
the length of the smear was about 8-5 cm. when the droj) had been 
spread and as already indicated the breadth was about l b cm. 
Dispensing with the use of the loox) by taking up blood as it issues 
from the needle with the edge of the sj)reader jiroved unsatisfactory, 
for usually too much blood adhered to the edge with the result that 
the smears were too thick. 


SrATNi:NG OF Smears. 


May-driinewald and (xiemsa stain (as used by Paj)j)enheim) 
(Tiemsa’s, Jicishman’s, Tenner’s and Wright’s stain were all tried 
as recommended in text books and by individual workers. Wright’s 
stain was finally adopted. 

Staining with Wright's stain entails litlle work and the smear 
is usually ready for examination within ten minutes. This stain 
gave as good and uniform results as any of the others, and proved 
more satisfactory tlvan some of them fm* the X)urpose of differentiating 
between the lymphocytes and the monocytes. The stain was })rei)ared 
as prescrihed by (Tiileton (1921)) and used as recommended by Slider 
and Downey (i929). 

In i)J 0 j)erly stained smears the cytox)lasm of the red cells is a 
fawn colour and sometimes fine azurophil giamiles can be seen in 
the monocytes. With some sanijiles of stain the diluted stain need 
only be left on the smear for b minutes wheieas with others 10 
minutes or more are necessary. Experience is the best guide as to 
how long to stain and to wash. 

Pepper and Farley (193T) state: “ The difficulty with methylene 
azur-eosin stains is to obtain the projier balan(*e of eosin and basic 
stain. Muddy blue })re])arations are the result of too much alkali 
in the stain. To keej) the stain at just the proper reaction is 
difficult.” 

For diluting Wright’s stain McJunkin (1920) uses, instead of 
distilled water, a buffer solution made from monopotassium 
phosphate and dibasic sodium phosxihate. This solution has a PIT 
of 6*4 and will absorb excess alkali without change in the reaction 
of the solution. 

The best results were usually obtained when Wright’s stain 
was used immediately after the smears were prepared. 
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Cell Measurements. 

The cells were measured with a Leitz ocular micrometer that had 
been carefully calibrated, and their measurements are given under 
“ Morphology of the Blood Ponder (1924) states that this method 
has been used with variations for the last seventy years and that 
nearly all tables of the average sizes of erythrocytes contain values 
determined in this wtjiy. He considers that at times results so 
obtained may have attached errors amounting to 10 per cent, and he 
remarks as follows: When a body so small as the red cell is 

examined under the microscope owing to the fact that there is a limit 
of resolution to even the most perfect optical system the edge of the 
body is not seen distinctly but as a blurred band, the true edge being 
located somewhere in this “ spurious disc ’’ its position depending 
on the refractive indices of cell and surrounding fluid respectively. 
However carefully the system is adjusted a blurred band of at least 
0*25/xwill replace the cell edge and if no special precautions are 
taken the band may be as wide as 0*4/x.” 

There were no facilities for applying the photographic method 
described by Ponder (1934) and this author states in his work (dated 
1924) that Pyper’s (1919) diffraction method cannot be applied to 
avian red (*eMs because of their oval shape. 


Morphology of Osjrh'h fli.ooD. 

The cells in the blood of the ostrich closely resemble the 
corresponding types of cells in the blood of the fowl, and they may 
be best considered by first reviewing the literature on the morphology 
of fowl blood. 

Most investigators are agreed that the following types of cells 
are present in the normal blood of the fowl; red cells, thrombocytes 
and five varieties of white cells, viz., lymphocytes, monocytes, (*ell.s 
with polymorphus nuclei and spindle-shaped acidophil granules in 
their cytoplasm, cells with jjolymorphous nuclei and round acidophil 
granules in their cytoplasm, and basophiles. 

Gibbs (1934) refers to a “ polymorphonuclear leucocyte without 
rods and granules ’’ as also being present in normal fowl blood in 
addition to the above-mentioned types of cells, while several workers 
saw no monocytes, and the findings of those who do record the 
presence of monocytes differ considerably. Thus, to quote only some 
of the workers listed in Table (2): — 

Warthin (1907), Hedfeld (1911), Burchardt (1912) and 
Kleineberger and Carl (1912) found no monocytes in fowl blood. 
According to Wifth (1931), Steen (1913) is of opinion that they do 
occur, but only seldom, Salomon (1919) records 1 to 2 per cent., 
I’ritsch (1920) 2 per cent, and Romer (1921) 1*4 per cent. Wirth 
(1931) records 2 per cent. On the other hand, l^llerman and Bang 
(1908) counted 23 per cent., Schmeisser (1915) 19-4 per cent., 
Breusch (1928) 9*2 per cent., Forkner (1929) (using supravital 
technique) 17 1 per cent, and Cook jiid Dearstyne (1934) (using 
supravital technique) 4 to 33 per cenl. ^ 
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These discrepancies serve to emphasise the difficulty of 
differentiating* between lymphocytes and monocytes in ordinary 
stained preparations of fowl blood; in ostrich blood it is as difficult. 

There can be no dispute about the presence of the elements 
which Sugiyama (no date) and others consider to be thrombocytesi 
but Blain (1928) states that he identified no structures 
corresponding* to the i)latelets of mammals and he does not mention 
the thrombocytes. 

Haematological terminology also gives rise to some confusion, 
entirely different cytological entities being ( ailed by the same name, 
or the same cytological entity by a variety of terms. Especially 
is this true of the (*ells with the ST)indle-shaped acidophil granules 
and those with the round acidophil granules, as will be observed 
froui Magatlrs (1984) table given below. 


Poly nior phony clear Leukocytal in Birds. 


Author. 

Date. 

Eosinophilic rods. 

1 b^osinophilic granules. 



J. 

Kosinophilic hukocytes. 

Bizzozero and Torre 

1880 

“ Little spindleshaped 

Granular forms. 



bodies ” 




Eosirwphi 

lie leukocytes. 

Grunberg. 

1901 

Crystalloid. 

Globular-like granules. 



Eoainophilic Icukocqteff. 

Cullen. 

i9o:i 

Cr^’8talloid. 

Granular forms. 



Polytnorpkonuclear poainophils . 

Warthin. 

1907 

(Vystalloid type. 

Granular type. 

Goodall. 

1910 

PolVinorphonuclear leueo- 

Eosino})hil. 



cyte with rods 


Kleineberger and 

1912 

Pseudo-eosinophil. 

Eosinophil (with small 

Carl 



granules) 



Volymorpho 

n uclears. 

Schmeisser. 

1910 

Eo8int)philie rods. 

1 Eosinophilic granules. 

Burnett. 

1917 

^ Polymorphs ”. 

■* Eosins.” 





Fritsch. 

1920 

Pseudo-eosinophils. 

Eosinophils. 

Hayden. 

1927 

I*ol V morph onu clears. 

Eosinophils. 



Polymorplton uclears. 

Blain. 

1928 

Eosinophilic rods. 

hkisinophilic granules. 

Forkner. 

1929 

Eosinophils. 

Pse udo -eosin ophi Is. 



Polymorphonuclear 8. 

Thompson and 

1931 

Pseudo-eosinophils. 

klosinophils. 

Engel brethholm 




Maximow and * 

1931 

Heterophil. 

Eosinophil. 

Bloom 




Wirth*. 

1934 

Pse udo - eosin o philes. 

Eosinophiles. 


* Investigators listed by the writer. 
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Burnett (1917) considers that the name polymorphonuclear 
leucocyte with eosinophilic rods ’’ is inexcusable. A ‘‘ polymorpho¬ 
nuclear leucocyte ’’ in his opinion signifies not merely a leucocyte 
with a polymorphous nucleus but the specific name of a certain 
kind of leucocyte, otherwise called* “ neutrophil 

Maximow and Bloom (1931) adopted the term “ heterophil 
first used by Kyes, as a comprehensive term to include the group of 
cells whose granules, though constant in a particular sj)ecies, differ 
in form, size and staining reaction according to species. Hence the 
cell with the spindle-shaped granules was named ‘‘ heterophil and 
in avian haematology investigators have apparently applied this term 
only to that particular cell. 

The names “ lieterophile ” and “ eosinophile ’’ for the cells 
with the spindle-shaped granules and for those with the round 
granules respectively appear to the writer the most appropriate and 
they will be so used henceforth. 

In smears prepared from ostHch blood and stained with 
Wright’s stain the cells are differentiated by the following 
characters : . 


ErythTocytes. 

Special interest aitachcs to the eryihrocytes of the ostrich, foi* 
in smears of the blood of normal birds these cells may sometimes be 
seen in various stages of develo})ment. In this study detailed 
descriptions will be given only of the mahire cells, the cells which 
are almost mature (poly<*hrome erythrocytes) and those closest to the 
stem cell or haeniocvtoblast tbasophil ervthroblasts—Ferrata (‘ited 
by Furth 1931). 

Mainrc erythrocy1es.—-{¥ig. 1 on i)late.) These cells vary in 
shape from elliptical to {ilmost circular, the younger forms tending 
to be round, but in smears many irregular shaj)es may occ ur ouing 
to pressure. Occasionally a cell may he seen without a luudeus. 
The cytoplasm is homogeneous and as stated under “ Staining of 
Smears ” when correctly stained with Wright’s stain it is a fawn 
colour. 

The nucleus which is usually oval is an extremely pachychro- 
matic and trachycdiromatic type. The basichromatin is arranged to 
form a coarse pattern in angular or rouglily rounded blotches whicli 
frequently cause irregular elevations of the nuclear membrane and 
between which the oxychromatin forms a lighter meshwork. Very 
occasionally a mature cell may be seen witli two nuclei or one in 
which 'the long axis of the nindeus is situated transversely to the 
long axis of the cell. The nucleus may also be small and pycnotic. 

Two hundred regularly shaped and fully developed {*ells were 
measured at random in dried, stained smears and the length varied 
from 11*5^ to 15*93/* and the breadth from 7-08/* to 9*73/*, the 
average length being 13‘98/* and the. breadth 7*92/*. The measure¬ 
ments of the nuclei were as follows: length 4*07/*-7•9f)'*, average 
length 6*33/x, breadth 1*77/4- 2*65/4, average breadth 2*19/4. 
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In practically every smear there may be seen roundish structures 
which are light purple in colour and irregular in outline. They 
are of loose striudure and measure about 8/* in diameter. These are 
injured nuclei of ruptured erythrocytes (smudges). Sometimes jjart 
of the cytoplasmic rim enclosing a certain amount of cytoplasm 
similarly stained to the cytoplasm of the rii)e erythrocyte may still 
be seen partly surrounding the body. These structures occur no 
matter in what way or how carefully smears are prepared. 

In moist ])reparations the erythrocytes of the ostiich have a bufi 
yellow colour and ihe nuclei appear indistinct against the colour 
of the haemoglobin. The niicdear structure is almost invisible but 
in a cell Avith little haemoglobin the oval shape and the clumps of 
chromatin of the nucleus can be seen. Cells with little haemnglol)in 
cannot ahvays be easily recognised in the counting chamber and they 
may be mistaken for free nuclei, thrombocytes or even small lympho¬ 
cytes. Only by close observation and suitable manipulation of the 
condenser c/an the faint cell membrane be disceivned. 

Neser (1928) states with reference to equine erythrocytes: 

In smears, however, the cells are more or less stretched out and the 
measurements are in consecjuence larger than those obtained in moist 
pre])arations but Ponder (1984) remarks, ‘‘ Although the point 
has been the subjcn t of considerable controversy in tlie past I think 
it can fairly be said that it is noAv established that the red cell 
diameter is from 8-19 per (‘eiit. less when the cell dried than when 
it is floating in plasma or serum The Avriter also made measure¬ 
ments of ostri(‘h red cells liathed in jilasma, the following ])rocedure 
being folloAved : Fresh heiiarinivsed blood Avas diluted a hundred times 
with its OAvn plasma. I'he diluted blood was then introduced into a 
red cell counting chamber and the preparation ringed Avith vaseline. 
Thus tile cells weie not sulijected to any pressuie and the preparation 
remained suitable for a long time. Two hundred cells were 
measured and the dimensions were as follows: Length 
average length L^)*25/s breadth 7 * 75/*-l()'25/s average breadth 9-25/*. 
From Table 1 it will be seen that these measurements approximate 
(dosely the figures given by Gulliver and by Hayem. 

l^olychronie K ri/t 2 on jilate.) The cells 

apiiroacdiing maturity resemble closely in shape and size the fully 
develo])ed cell. The cytoplasm shoAvs only slig*ht polychroinasia, 
staining a light grey cohnir. The nin lei are larger and more oval 
than those of the mature cells and they show large angular ( lunqis 
of (diromatin Avhicdi stain a slightly paler colour than llie nindear 
chromalin of the ripe (*ell, 

Ba,sophi] Eryth rohhisfft (Fig. 8 on plate). These cells are usually 
almost round but may be oval and they vary considerably in size. 
The larger forms usually measure about 12*4/^ in diameter. The 
cytoplasm is A^ery basophilic and the cytoplasmic layer around the 
nucleus is narroAver tlian that of the polychrome erythrocyte. Tliere 
may sometimes be seen in the cytoplasm granules Avhich appear in 
staining reaction and size very similar to the azurophil granules of 
lymphocytes. The nuclei are as a rule circular and large and though 
the chroniatin particles which stain a dark purple colour may be 
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denser than in the more mature cells yet the tendency toward a 
checkerboard distribution of angular particles of chromatin is 
apparent. 

Between the polychrome erythrocytes and the basophil erythro- 
blasts may be seen various intermediate forms varying in shape, size 
and staining rea(*tion. Some may be round and others oval. Round 
forms measuring only 7*9u also occur. Immature forms are very 
occasionally seen in a state of mitosis and the cytoplasm of such 
cells is usually less basophilic than that of basophil erythroblasts. 
(Fig. 4 on plate.) 

Reticulation can be favourably studied in the immature cells 
by staining them by the method used by Magath and Higgins (1984). 
The reticulations are heavy and look like a network in the very young 
cells, whereas in the older cells only a few strands or dots are to be 
seen. 

The percentage of immature red fells which i^an be recognised 
in smears st. ined with Romanowsky stains was determined by 
counting, with the use of an Ehrlich eyepie(*e, 400 red cells. The 
results are shown in Tables 3-10 and a statistical analysis of them is 
given in Table ll. 

The data were analysed statistically by the following' 
formulae: — 


{a) Standard deviation (or) 


(6) Standard error 


(c) Coefficient of variability.. 



\/ n 

a 100 

^ .m" ~ 


U = Sum of the differences squared. 
n = Number of observations. 

M = Mean. 


In the smears from the normal ostriches (1-5) these cells 
constituted 2*5±0*1 per cent. (Standard deviation 1*1; Coefficient 
of variability 47*2 per cent.) of the red cells, ranging from 0 per cent, 
to 7 0 per cent. It will be seen that the results from birds 6-17 
closely agree with thos^ from the normal birds, but it is noteworthy 
that only one immature erythrocyte was seen in the smears from the 
worm-infested birds 18-22* 

The number of basophil erythroblasts per c.mm. was estimated 
by determining from the smear the ratio between these and the 
leucocytes and applying this ratio to the total leucocyte count. The 
ratio was computed from the number^jof basophil erythroblasts 
enumerated each time 200 leucocytes were countea. 
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Eiri nmd on Faun Jlamkli MenUi dutnct, ( i^pp pages 428429 .) 


No, 

fe. 

Dote 

Bled. 

Age. 

F.P,* 

Erytbro- 
cyter per 
c.mm. 

Percentage 
erylhrocytes 
which in 
Romanowsky 
Stained 
Smears 
showed 
either 
Polychro¬ 
matic or 
basophilic 
cvt')|)liisin. 

Baso¬ 

phil- 

erj'thro- 

hliists 

per 

c.mm. 

R.P, 

ll,f. 

Throm- 

boc}ics 

per 

c.mm. 

Leuco¬ 

cytes 

per 

c.mm. 

L, 

Pe 

)1. 

CF„n 

H, 

E, 

B. 




Mt 

fklis, 













1 

SWe... 

25/5/15 

5 

25 

4.5'9 

1,849,999 

2’5 

9 

24'94 

12,235 i 21,919 

21'7 

31 

541 

111 

8'7 



17/5/35 

7 

17 

j 45'8 

1,944,999; 

2'9 

9 

23'63 

13,859 

25,391 

23'9 

21 

551 

191 

8'5 



29/5/35 

9 

29 

47 

1,927.9991 

2’9 

9 

2415 

6,223 

2.5,444 

321 

21 

.57'5 

41 

31 



25/9/35 

19 

25 

47 

\,mm 

4’9 

9 

241 

11,869 

28,672 

21'2 

21 

691 

51 

81 



39/11/35 

13 

— 

48 

1,889.(W 

1'9 

9 

2,5s53 

12,397 

1.5,578 

2D9 

21 

641 

41 

81 



39/1/35 

15 

— 

'59'2 

1,9,1,999 

14 

9 

25'74 

7,526 

21,344 

211 

31 

581 

191 

61 



13/p 

15 

13 

49'2 

2,964,(1' 

2'2 

9 

23'88 

14,976 

27,671 

29'9 

21 

441 

151 

81 



15/4/35 

17 

15 

59'5 

mm 

2-9 

9 

25'68 

5,136 

29,498 

321 

31 

481 

81 

71 


i 

9/ 5/35 

18 

9 

514 

2,117,999 

1'9 

9 

2415 

9.234 

22,8.52 

251 

3'9 

551 

41 

191 



29/7/35 

JD 

29 

51 

1,91999 

3'9 

145 

25'i)5 

12,264 

29,2.55 

23'7 

81 

581 

21 

51 



25/8/35 

21 

25 

54 

2,lt999 

2-2 

9 

24'59 

8,925 

21,9.59 

291 

11 

411 

191 

7-7 



22/9/35 

22 

22 

52 

id,999; 

2'9 

9 

25 

12,199 

22,986 

231 

,51 

581 

34 

91 



1/12/35 

25 

1 

52 

1,927,(1 

4’9 

183 

25'9t 

5,914 

12,326 

39'5 

41 

511 

41 

91 



4/2/37 

27 

4 

524 

l,957,d: 

4-7 ' 

258 

25'59 

8,944 

17,2,53 

271 

31 

521 

61 

91 



19/5/37 

39 

19 

,54 

2,9I9i 

3'9 

455 

25'73 

9,297 

18,5i 

284 

44 

511 

5.7 

191 


* Abbreviations :- 


R.P. for percentage volume of tbe eiythroc)^es.j 



M. for monocytes. 



















Table 4 . 


of (Jstrich dmailli Ulii oiii fomi jm I 
Bird tmei on Fann MMl, Menbod Distrid 


No. 

te. 

Date 

Bled. 

%. ‘ 

' 

R.P.* 

Erj'tliro- 

cyterper 

c.mm. 

Percentage 
erythrocrtes 
which in 
Homanowsky 
Stained 
Smears 
showed 
either 
polychro¬ 
matic or 
basophilic 
cytoplasm. 

Baso¬ 

phil- 

er)1hro- 

blasts 

per 

c.mm. 

4 

R.P. 

R,C. 

Throni- 

liocytes 

per 

c.mm. 

, 1 
■■ 

leuco¬ 

cytes 

per 

c.mm. 

L. 

Pe 

M, 

Cent 

H, 

E, 

B, 




KUs. Dif 













2 

Male.., 

9/]/35 

8 

9 

44'4 

1.720,Oi 

2’a 

246 

25'81 

12,1 

24,751 

27-0 

2-5 

60-0 

8-7 

1-7 



29/7/35 

8 

29 

46 

1,756.(1 

I'O 

0 

26d3 

2,478 

23,617 

30-7 

2-2 

50-5 

14-7 

1-7 



25/9/35 

10 

25 

44.4 

1,72910 

2'2 

0 

2.5'66 

8,554 

18,251 

27-0 

4-7 

58-2 

8-2 

1-7 



26/10/35 

11 

26 

45 

1,749,000 

1'5 

0 

25'71 

10,51 

18,729 

33-0 

3-5 

50-5 

9-0 

4-0 



1/12/35 

13 

7 

43’8 

1,653,01 

1'5 

0 

26'54 

10,18 

15,543 

32-5 

4-5 

48-2 

9-5 

5-2 



19/2/36 

15 

19 

45'1 

1,757,(1 

2'0 

111 

25'77 

13,328 

22,333 

37-0 

3-1 

46-3 

7-2 

6-2 

, 


15/1/36 

17 

15 

43'8 

1,71,11 

1'7 

0 

25-76 

9;61 

23,11 

34-5 

2-5 

52-0 

4-5 

6-5 

1 


22/5/36 

18 

22 

49 

1,840,10 

4'0 

184 

26-63 

19,623 

18,571 

26-7 

3-2 

63-0 

3-5 

3-5 



14/ 7/36 

20 

14 

49'1 

1,830,01 

I'O 

0 

26-77 

7,020 

21,567 

22-2 

3-0 

60-0 

9-7 

5-0 



26/8/36 

21 

26 

47'4 

1,844,P 

2'7 

0 

25-76 

9,114 

19,768 

25-5 

3-5 

53-7 

10-5 

6-7 



26/9/36 

22 

26 

46 

1,983,10 

(•0 

0 

■ 23-23 

13,746 

17,461 

25-0 

3-0 

62-5 

4-7 

4-7 



27/11/36 

24 

27 

46'4 

1,710,10 

(■0 

88 

27-13 

8,272 

17,665 

25-0 

3-2 

63-2 

4-0 

4-5 



21/12/36 

25 

21 

m 

1,831,01 

2’2 

318 

2,5-73 

11,.5,54 

21,312 

25-5 

6-0 

,59-2 

6-0 

3-2 



4/2/37 

27 

4 

47'5 

1,845,01 

5'2 

H 

25-81 

9,130 

22,010 

27-0 

1-7 

,55-2 

7-5 

8-5 



19/5/37 

30 

19 

50 

1,903,10 

i 0,0 

! ' ^ 

195 

26-31 

11,088 

13,157 

25-5 

6-0 

59-2 

6-0 

3-2 


’’ Alikeviatioiis;- 


R.C. for nuKiter of erythrocytes per c.inBi. 

L. for lyniphocytes 

M. for monocytes. 


I. lor cfisopoiies. 

















Tabik i 

HU Cell Comts, etc., of Ostrid iimlli Imltlij/ anil foiml jm from dime on Fod4lorte§ Etmirntm. 
Siri reorei on Form iliirieviolil Flplklioielt Didrid. (&PMe4M9,l 


I PerMtage; 
eiyttrcojltsi 
fMohin I 
;Roiiiano\nkv; Baso- 


No, k 


: ; Mined pnii- j np 

; I Eij’tliro- Smears endki-l JJ 
Age, R,P.* lerterper sliod blasts;^ 

' e,rain, i either per 

; Polyehro- e,fflni, 

1 I i raatieor ' 


d 3'(l 

il S'h 

i) 3'0 

Oi U 

ill 4'() 


1,38 I 


336 2 .i '68 

I) 24’2J 

392 2546 

IflS 


792 ! i)'76 


Leiico- 

cvtes 1 

' : 

per i 

cjin. 

L. 1 51. 1 

H. 

31,393 26 4 24 

60'7 

22,i 2o'2 2'7: 

63'2 

29,934 26’5 3'7 

59'0 

22,548 36'2 2',i 

a4'2 

29„596 36’5 3'2 

65'5 

19,673 1 29'7 P2 

62'0 

24,495 28’7 

,59'0 

20,611 28'0 3'9 i'9 

20,618 28'5 3'5 

5.5'2 

22,077 23'2 24 

64'2 

19,994 28'5 3'2 

.57'2 

19,436 23'0 4'2 

64'7 


R,P, for permtage volume of the erythroevtes, 

R,C, for number of eiythroeytes per t,mi. of blooil- 


I, for monocytes, 
H, for heterophiles, 

B, for hasopbiles. 













Table 6 . 


flU Cell domln, tk., of (hiricli (limili kiM^ mi fomti jm from Dmm on Pod4Iiirkm SMinmlm. “ 

Sid mmi on Fam HamMI, Menlmck Sistrict. (kepapi2Mj o 

8 


So. 

Ses. 

Date 

Bled. 

¥' 

R.P.* 

Erythro- 

cyterper 

c.mm. 

Percentage 
erythrocytes 
which in 
Romanou'sky 
Stained 
Smears 
showed 
either 
polychro¬ 
matic or 
basophilic 
cytoplasm. 

Baso¬ 

phil- 

erythro- 

blasts 

per 

c.mni. 

R.1-, 

R.C, 

Tlirom- 

tales 

per 

c.iiim. 

Leuco¬ 

cytes 

per 

c.mm. 

L. 

Pe 

1 

bCist 

H, 

E. 

B. 




lUa. %. 





' 








1 

Female. 

21/3/35 

6 

21 

45’4 

1,693,999 

3'9 

9 

26’86 

29,986 

24,296 

21 

2-1 

56-2 

12-1 

1-2 



26/8/35 

9 

26 

41 

l,819,(i 

3'9 

« 

25’13 

4,152 

19,811 

31 

9-5 

59-2 

1-1 

1-5 



24/9/35 

19 

24 

48 

l,159,9i 

3'2 

9 

21'42 

6,918 

29,459 

21-5 

2-7 

62-5 

4-7 

2-5 



39/11/35 

13 

- 

49'9 

1,926,999 

2'1 

9 

M 

12,1 

29,148 

31 

1-9 

59-1 

IM 

5-5 



27/1/36 

14 

27 

41’9 

1,948,999 

2'5 

9 

24'56 

11,191 

23,496 

31-5 

2-1 

46-5 

14-6 

5-1 



15/4/36 

11 

15 

48'9 

1,849,999 

2'5 

9 

26'51 

8,814 

15,663 

35-5 

3-5 

49-5 

16-5 

4-9 



9/5/36 

18 

9 

49’9 

1,939,999 

9 

9 

25'85 

m 

15,325 

39-5 

2-1 

52-2 

8-9 

6-5 



3/6/36 

19 

3 

59 

1,929,11 

3'9 

9 

26'94 

12,214 

23,529 

19-2 

2-5 

11-5 

3-2 

3-5 



29/1/36 

29 

29 

41'8 

1,149,999 

2'5 

161 

21'41 

16,422 

32,213 

25-2 

5-5 

61-1 

6-9 

1-5 



26/8/36 

21 

26 

51 

1,993,1 

2'2 

196 

25’62 

12,199 

21,252 

26-1 

3-9 

63-1 

3-2 

3-2 



22/9/36 

22 

22 

51 

1,1,1 

4'2 

149 

26'98 

15,194 

14,151 

25 

2-1 

64-1 

2-9 

5-5 



24/11/36 

24 

24 

49 

1,929,1 

4'9 

114 

25'52 

1,989 

22,866 

26-8 

9-6 

64-8 

3-5 

4-1 

! 


19/12/36 

25 

19 

49'6 ; 

1,926,1 

2-1 

71 

25-84 

19,998 

14,399 

39-5 

1-5 

59-2 

3-2 

5-5 



4/2/31 

21 

4 

59’8 

1,981,1 

2'9 

9 

25-K 

19,416 

21,159 

28-2 

3-2 

.55-1 

1-2 

6-2 



■11/5/31 

39^ 

11 

59'6 

1,1,1 

3’5 

9 

i 

26-63 

12,852 

j 

21,514 

21-1 

3-9 

69-5 

4-7 

4-9 


* Abbreviations:- 


R.C. for number of erythrocytes per c.mm. 
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No. 

Sex, 

Date 

Bled. 

Age. 

R,P.* 

Erytlro- 

cyteper 

c.imn. 

Percentage 
erjOlrocjtes 
fliicli in 
Romanovsky 
Stained 
Smears 
sliofed 
either 
Pdycnro- 
maticor 
basophilic 
cytoplasm. 

Baso¬ 

phil- 

eryihro- 

blasts 

per 

c.mm. 

R.P. 

R.C, 

Throm¬ 

bocytes 

per 

c,mm. 

Lenco- 

cytes 

per 

c.mm. 

Per Cert, 

L, 

I, 

H, 

E, 

B, 




Ml. 

kill. 













5 

Femie, 

15/P 

8 

15 

53 

2,266,(1 

1'5 

395 

23'34 

2,686 

15,880 

2D5 

3'5 

12'0 

D2 

D1 



2S/P 

16 

28 

41'9 

wooo 

3'1 

116 

24'19 

10,314 

23,329 

2D2 

2'5 

14'5 

O'l 

DO 



20/lp 

12 

20 

48 

1,856,000 

DO 

0 

2,5'i 

6,439 

21,495 

23’2 

2'2 

68'5 

I'l 

D2 



21/1/38 

14 

21 

40-6 

1,616,1 

3’0 

0 

2D94 

8,613 

19,959 

1D8 

2'5 

15'5 

DO 

3’1 



24/2/36 

15 

24 

50 

1,86.3,1 

DO 

0 

26’88 

13,1 

20,862 

23'1 

4'2 

63’2 

2'2 

6'.5 



15/4/36 

11 

15 

|.5’1 

1,8.53,1 

DO 

0 

24'10 

4,646 

20,164 

IDO 

2’0 

18'5 

0 

2'5 



21/5/36 

18 

21 

53'4 

2,110,1 

2’0 

0 

25'30 

1,426 

18,041 

24'5 

D.5 

69'1 

O’l 

3’5 



14/1/36 

20 

14 

53'8 

2,1,1 

2'2 

182 

25’61 

15,168 

19,204 

2.5'.5 

D5 

65'1 

D1 

5'5 



28/ 9/36 

22 

28 

50'9 

1.883,1 

3’0 

1,111 

2D01 

1.5,958 

20,214 

24'1 

2’0 

i•2 

2’1 

D2 



24/11/36 

24 

24 

53'5 

1,853,1 

DO 

6,283 

28'91 

1,012 

20,133 

33’5 

3'1 

.53'0 

3'2 

6'5 



12/12/36 

B5 

21 

54 

2.195,1 

3’0 

1,339 

25’.54 

9,416 

20,104 

23'1 

3'0 

68'5 

2’0 

2’1 



4/2/3! 

21 

21 

53'2 

2,161,1 

D2 

890 

2,5'64 

12,1 

11,890 

i 26'5 

2'8 

62'0 

3'6 

,5'0 



15/.5/31 

30 

15 

52 

1,953,1 

3'0 

89 

26'66 

8,811 

11,851 

18 

3'5 

68'1 

3'1 

6'0 
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Taiile 8, 

lllml Cell Cimts, rfc,, of (hltlcli leitli Chli fooi. (8pe j)iip 428-0,) 


h. 
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8e.\. 

Date 

Bled. 

' •¥ ‘ 

R,P,» 

Erytk- 

cytetper 

c,mm. 

Percentage 
erytlrocyta 
a'hicli in 
Rnraanowaliy 
Stained 
Smears 
stowed 
eitlier 
polyetro- 
matic or 
tosophilie 
eydoidasm. 

Bano- 

pkil- 

erytliro- 

blasts 

per 

(‘.mm. 

R.P. 

R.C. 

Tlironi- 

‘l)ocyfes 

per 

c.mni. 

Leuco¬ 

cytes 

per 

c.mra. 

L, 

Pb 

)1, 

a Cm 

H, 

E. 

B, 




ft. Df. 





' 








8 

female, 

21/1/K 

8 

21 

41 

2.053,0(8) 

3'0 

524 

22'92 

4,061 

26.210 

28'2 

1'3 

66’0 

3’2 

40 



w/p 

9 

10 

49 

1,921.(8)0 

2'2 

296 

25',52 

12,5i 

29,668 

28'2 

3’2 

62’5 

40 

2''0 



25/p 

10 

2.5 

43 

1,669,000 

3'0 

219 

25'14 

14,235 

43,914 

2M 

4’5 

61'5 

4’5l 

41 



20/11/35 

12 

20 

51 

2,010,000 

(■2 

452 

25'31 

m 

45,312 

25'1 

3’0 

64'1 

3r 

3'2 



21/2/38 

15 

24 

49 

1,943,(88) 

1'5 

i 290 


18,415 

29,039 

26'2 

3'2 

65'1 

oV 

42 



1,5/4/38 

11 

15 

48'2 

2,023,(1 

(•5 

0 

23’86 

12,8f 

23„598 

21 

2'2 

145 

or 

45 

1 


20/5/36 

19 

- 

46'9 

1,863,000 

2'0 

0 

1 i5’21 

26,650 

40,986 

142 

6'0 

18'5 

0'2 

40 

1 


20/1/38 

20 

20 

48 

2,0,33,000 

3'0 

,595 

23’64 

10,948 

23,842 

26'1 

6'2 

640 

3'1 

2'2 

i 


1/9/36 

22 

ft 

1 

1 52'3 

2,034,000 

2',5 

364 

2,5'16 

19,838 

36,463 

15'1 

or 

80'0 

0'5 

3'0 



28/9/36 

22 

28 

,52'8 

2,053,000 

; M 

0 

25’15 

15,4i 

25.18 

20 

3'1 

13r 

0'5 

2'0 



1/12/36 

25 

1 

50d 

1,913,000 

; e.e 

1 i 

192 

M 

,5,238 

19,323 

14-6 

2',5 

840 

0'3 

45 

1 


23/12/36 

25 

23 

,50',5 

l,961,0i 

M 

0 

' i5'16 

10,956 

26,510 

16 

4'2 

IM 

0'2 

41 

! 


9/2/31 

21 

9 

50 

1,940,000 

2’5 

0 

1 25'11 

6,4i 

25,623 

15'5 

41 

15’0 

45 

3-2 



11/5/31 

30 

11 

49 

1,910,(1 

2’5 

81 

24'81 

1,221 

! 

11,422 

25’5 

M 

10’5 

O'l 

45 






















etc., (if cii 


Fiiriii kmiii, Ikimlofii 


No. Sex, 


ienllFoeviesI 
j riifhin I 
Roitiaiiowskv Baso- 


! I Olttlllcu : , [mil- I g p I 1 iiiuiu- ; 

; Er)1ta- Smeais ^erytk- ilwrtesi eytes 

,\ 2 e. R.P.* eyietper aW jHaatel J per i f 

i C.1M11. eitk F 

I Polycb- C.1I11. 

I raatic or i 


L. I. H, E, 


Over3years! 384 I,4i 
„ ^ «4 l,T 

„ „ t04 1,5! 


04 l,,il 
^•3 l,(i: 
0',5 l„i; 
04 Li! 
314 1,7! 
04 1,4; 


13,40112,239 14'2 4’9 

8,949 ! 8,499 IM PO 

17,41,5119,149 1,5'7 3’9 

13,002:13.271 8 4 3'2 

13,95(1115,590 14'0 4'5 

12,1! 24,570 5'2 2'0 

12,118 14,3,39 12'2 4'0 

7,720 7,898 13'7 4'2 

15,330 14,122 8’0 3'0 

13,.)39 9,347 4'0 2’0 

15,339 14,1.54 9 4 44 


0 144 4'0 
0 18'0 1'2 
2 154 4'5 
7 9'0 24 
5 184 0'5 
0 9'5 5'2 
7 3'2 lO’O 
5 7'2 2'2 
2 94 P2 
7 124 3'5 


R.C. for mimber of eiytlrocytes f c.nmi, of blood-expressed in niillicns. 


JI, for monocytes. 
H, for heteropbiles. 


B. for basopbiles. 
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RomanoTskv 
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rijifA 
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erythro- 

bocytes cytes 






Sex. 

Bled, 
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cyterper showed 

Masts 

IP F per 









e.mm. either 

per 

c,rara. c,mra. 









polychro¬ 

cjin. 

i 

1 

M. 

H, 

E, 

B, 

1 



matic or 











basophiic 











cftoplasm. 


1 



' 




O' 

to Ilk Ikp. 

18 Femle, 15/P i - 31'3 I,!,! 0 8 24'58 11,2^ 16,813 26'2 3’8 54'6 13'I 3’6 

2/p i 17 28'4 1,173,1 6 6 25'12 p 1,633 7'2 2’7 88'7 6’2 6 

If „ 16/ 3/36 4 - 28'5 1,336,666 6 6 22'18 14,112 22,561 45'7 2I 48’2 1'5 2'5 

2f Male.,. 16/ 3/36 4 - 38'6 1,573,1 6 6 24'26 7,382 11,264 26'0 3'5 68’2 ll 1'2 

21 „ 26/ 3/36 4 - 25'3 1,1 6 43 31'23 15,384 8,687 27'5 6'2 47'5 8'2 6’5 

22 „ 16/12/36 2 - 41'8 1,767,1 1 264 24'44 14,1 13,783 15-5 8'5 76'7 2’2 2'6 



0 

61 

a 

B 

A 

W 

V. 


J 

s 


‘ Abbreviations 

R.P. for perantage volme of tbe erythrocytes. 

R,C, for number of erythrocytes pm' c.im. of bW-expressed in mions, 
L. for lymphocytes. 
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THE BLOOD OF THE OSTHICH. 


The number of erythroblasts observed in smears per 200 
leucocytes counted vary for the normal ostriches from 0 to 61 
averaging 2*6, and the calculated total counts, which are listed in 
Tables 3-10, range from 0 to 6283, averaging 264 per c.mm. These 
cells constitute from 0 to 0*33 per cent, of the erythrocytes, 
averaging 0 013 per cent. 

The maximum count of 6283 is exceptionally high, considering 
that it is over three times as high as the count nearest to it. It 
is not clear why bird No. 5 showed such a high count on 24/11/36 
as no cause for unusual erythrocyte regeneration was evident. The 
bird always seemed healthy and only 5 c.c. of blood w^ere drawn from 
it about two months previously. However, the counts from this bird 
during the period 28/9/36-4/2/37, are suggestive of unusual 
erythropoiesis. 

The blood of ostriches Nos. 7-17 contained comparatively few 
basophil erythroblasts. 

f 

Thromhorytes. (Figure 5 on Plate.) 

These cells, which in fowl blood have been named hematoblasts 
by Hayem (1879) and by fjoodall (1910), are usually oval, nucleated 
and very unevenly distributed on the slide. They occur in pairs or 
groups of three or more, but are often seen singly. They measure 
usually about 8*8/^ in length and 5*3 m in breadth. Occasionally 
a thrombocyte almost twice the normal size may be seen. 

The nucleus is oval and usually occupies about three-quarters 
of the length and nearly the entire width of the cell. It is usually 
situated in the central part of the cell and is very basophilic, the 
basichromatin being arranged to form a coarse pattern. 

The cytoplasm stains a pale grey and ordinarily there may be 
one or more acidophil granules. These are usually near the poles of 
the nucleus. The cytoplasmic rim is not alw^ays well marked. In 
films not prepared immediately after the vessel has been punctured 
the thrombocytes can be seen in masses in which it is diiiicult to 
distinguish the outline of individual cells. Both the cytoplasm and 
the nucleus become less distinct, the cytoplasm losing its structure 
first. Finally the cells appear merely as a mass of darkly stained 
roundish bodies. When thrombocytes have become thus transformed 
they may be mistaken by small lymphocytes but the cells can be 
differentiated hj the following' features: The outline of the 
lymphocyte, which is usually completely circular, is well marked, 
whereas that of the thrombocyte is very irregular and usually the 
cytoplasm of the lymphocytes does not appear to surround the nucleus 
completely. 

Ill the counting chamber the thrombocytes when stained Avith 
Wiseman'.s solution, about which jiarticulars are. given under 
lieucocyte Counts ”, look mottled and the red granules in the 
cytoplasm can usually be seen. No attempt, how^ever, was made to 
count the thrombocytes in the counting chamber, for it was felt that 
the criteria by which these cells may be discriminated from free 
nuclei and small lymphocytes are not prom inent enough to niaks 
accurate counting possible. 
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Lymphocytes. (Figs. 6 and 7 on plate.) 

These cells are spherical and vary in size from 5'3jtx to li ly. 
They may be arbitrarily classed as small, intermediate and large 
lymphocytes, though the cells apparently do not belong to separate 
families but to one series. This was the conclusion arrived at by 
Magath and Higgins (1934) who, in order to test the validity of the 
theory that there are classes of lymphocytes based on size, measured 
the diameters of 100 lymphocytes from each of eight ducks, and 
plotted curves. 

In the smaller cells the nucleus is usually round, but it may be 
oval or slightly indented and it may be situated centrally or 
ec^centrically. It usuallj" consists of heavy blotches of chromatin but 
sometimes its structure is almost homogeneous. The nucleus is 
stained purple. It occupies by far the greater part of the cell and in 
the smallest cells the cytoplasm is scarcely seen. The cytoplasm is 
pale blue and usually takes the stain better at the periphery than 
towards the nucleus, with the result that there is a sort of ‘‘ halo ” 
near the nmleus. The cytoplasm forms only a very narrow layer 
and usually does not appear to surround the nucleus completely. A 
varying number of azurophil granules sometimes occur in the 
cytoplasm and occasionally lingulate processes extend from the 
(\ytoplasniic rim. As already stated it may be very difficmlt to 
differentiate between very small lymphocytes showing very little 
or no cytoplasm and thrombocytes which have lost their usual 
structure. 

In the larger cells the proportion of cytoplasm to nucleus is 
miudi greater than in the small cells and the cytoplasmic colour 
varies from a pale blue to a distinct blue. Otherwise the cells are 
identical with the small forms. The large cells often have irregular 
shapes in smears on account of being wedged in between the 
eryihrocytes. \) 


Monocyte.^. (Figs. 8 and 9 on plate.) 

The cells, which may be considered homologous with the 
mammalian monocytes, vary in form from round to slightly oval 
and measure from 8*8/x to 12 4/4 in diameter but in the oval forms the 
long axis may measure up to 21 2/^ 

The nucleus shows a loosely woven chromatin network, the 
chromatin being finely divided, and it is usually stained a paler 
purple than the nucleus of the lymphocyte. It ftiay be nearly round, 
slightly indented, kidney-shaped or of irregular shape. The kidney¬ 
shaped nuclei are rare, however, and are usually seen only in the 
smaller cells. The nucleus usually occupies about half the cell in 
the larger forms, Avhereas in the small cells it may form three- 
quarters or more of the cell. It is usually eccentric and usually the 
cytoi)lasm does not appear to surround it completely. 

(^) Although the blood forming organs are not being considered in the 
present work yet it may be mentioned that no lymphatic glands could be 
found in the ostrich. 
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The eytoplasiu has a f^reyish-blue colour and is more g^ranular 
than that of the lymphocyte, having the ground-glass appearance 
usually seen in the monocytes of man. Sometimes the cytoplasm 
is dusted with innumerable minute azurophil granules. Small 
Ungulate runners sometimes extend from the cytoplasmic rim. 

These cells can be studied best in thin smears prepared very 
quickly and immediately after the blood has left the vessel. 
Otherwise many damaged forms may be seen. 

HeteToi^hiles, (Figs. 10 and 11 on plate.) 

These cells are spherical and measure from 8*9/^ to 17-7/^ in 
diameter, l)ut like the large lymphocytes they are often irregularly 
shaped through being wedged between the erythrocytes. The 
nucleus which stains a reddish violet is polymorphous with varying 
degrees of lobulation. Sometimes the nucleus consists of two or 
three lobes connected either by a thiiv or a thick strand of chromatin 
and usually the lobes are more or less oval. In ordinary stained 
preparations, the lobes may sometimes apiiear to be quite apart, but 
when smears are stained with the Analine-water thionin solution 
as recommended by Pepper and Farley (1933) the connection, which 
is sometimes only a very fine thread of chromatin, can be easily seen. 

The cytoplasm which is colourless is filled with large spindle 
and rod-shaped granules which measure about 1*75/^ in length and 
stain a dull red. In the young cells the granules are roundish. On 
a few occasions j)ecTiliar staining effects were observed. Tlie granules 
of practically all the heterophiles bec'ame transformed into small 
round granules, as seen in figure 12 on the plate, whereas the 
g-ranules of the eosinophiles looked the same as usual. In other 
smears prepared at the same time from the same bird, the granules 
were as ordinarily seen. Many of the heterophilic granules were 
also roundish when vital staining was carried out either by the 
method described by Kolmer and Boerner (1931) or by that used by 
Magath and Higgins (1934) for the purpose of demonstrating 
reticulocytes. 

Olson (1937) apparently observed similar results for in referring 
to the heterophilic granules of the fowl he remarks: Frequently 

in routinely stained smears these cytoplasmic bodies are distorted and 
they may then be variable in shape ' \ 

These phenomena are of especial interest, for Lundquist and 
Hedlund (1925) express the opinion that the heterophilic granules 
of the fowl are naturally round, only becoming spindle-shaped as 
the result of fixation and staining. According to these writers the 
heterophiles and - the cells with the round acddophil granules 
(eosinophiles) are identical^—the eosinophiles being the forms in 
which the granules retain their round shape. 

Ellerman (1921) considers the two cell types distinct from each 
other as the heterophiles do not react to Graham’s oxidase test, 
whereas the eosinophiles do. The writer can confirm this observation 
by Ellerman and has ascertained that in the blood of the fowl and 
the ostrich the eosinophiles are the "^dniy cells that are stained by 
Graham’s benzidine stain. 
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Jackson (1936) in discussing myeloid leucosis and myelocytomas 
of fowls states that it seems usually to be assumed that the 
myelocytes present are the neoplastic counterparts of true eosinophile 
myelocytes because their granules are rounded, but that they are the 
precursors of the heterophiles for which he uses the name 
pseudoeosinophiles He further remarks: “The confusion 

arises because of the failure to realise that in the earlier myelocytic 
stages the pseudoeosinophilic granules are rounded, only becoming 
rod-shaped as the (!ell matures. Such rounded pseiidoeosiniphilic 
granulations can be distinquished because the former (i) are coarser 
(ii) some of them are actually basophilic in reaction, developing 
eosinophilia at a later stage, and (iii) because on close examination 
a tendency can often already be seen to a slight elongation of the 
granules. For those who have difficulty wdth this conception it is 
essential to undertake a study of normal avian red marrow, when the 
above features will readily be determined; it must be borne in mind, 
however, that in the marrow true eosinophile myelocytes for 
comparison are often difficuilf to find and must be searched for 

The transformation of haemocytoblasts into heterophilic and 
eosinophilic myelocytes may be favourably studied in the ostrich for 
in its red marrow ') both types of myelocytes are found without 
difficulty. 

A few^ helerophile myelocytes were once seen in a siiiear prepared 
from the blood of a normal ostrich—No. 5. The cells were round and 
measured about 17/^ in diameter. J'hey were completely filled with 
round coarse granules, some of which w^ere basophilic in reaction. 
The nuclei were so obscured by the granules that the structure could 
not be judged. However, in the marrow it will be observed that 
the nuclei of these myelocytes are either round or oval. They are 
ec(*entric and stain purple. The acidophilic granules of the heter- 
ophile myelocytes stain a dull red and neither the acidophilic nor the 
basophilic granules of these cells stain w^ith (fraham’s benzidine 
stain. 


Eosinophiles. (Fig. 13 on plate.) 

These cells are also round and measure from S-7/* to 15 7 m. 
They are, therefore, of about the same size as the heterophiles. 

The nucleus which stains a reddish violet may i>e a single 
polymorphous slructuie or it may consist of two lobes connected by 
either a slender or a thick strand of chromatin. Sometimes the lobes 
appear to be entirely separate. ITsually the nucleus is bilobed. The 
cytoplasm wffiich is colourless contains discrete round granules whose 
size and staining are uniform. They stain salmon red in marked 
contrast to the dull red colour of the granules' of the heterophiles 
and they are also much smaller than the graniiles of the heterophiles. 
These granules stain a greenish yellow with Grahanrs benzidine 
stain. 


Bftsophiles. (Figs. 14 to 15 on plate.) 

The busophiles measure from 8 <Sm to 10-6/* in diameter. The 
cell has a simple round nucleus which stains purple and shows a 


(*) (a) The marrow examined was taken from the upper extremity of the tibia. 
(b) It was observed that the femur of the ostrich is devoid of marrow. 

457 





THK BLOOD OF THK OSTRICH. 


diffuse chromatin arrangement. It is usually situated to one side 
of the cell and the cytoplasm does not appear to surround it 
completely. The cytoplasm contains large granules which stain a 
verj^ dark purple colour, and there is considerable variation in the 
degree of concentration of the granules. Occasionally some of these 
may be seen scattered over the nucleus. These granules appear to be 
readily dissolved or washed out in the pro(?ess of staining—for very 
often no granules will be seen—the cytoplasm which vStaiiLs a faint 
blue presenting a reticular appearance. However, granules which 
are present in the cells after staining has been completed cannot 
be removed by washing the smears in water. Basophiles without 
granules can, nevertheless, be recognised by the round eccentric 
nuclei and the reticular appearance of the cytoplasm, (rig. 16 on 
plate.) The granules of the basophile do not react to Graham’s 
oxydase test. 

Krythrocyte Cxnints, 

Wiseman’s solution was used as drlt 'ing fluid for the enumera¬ 
tion of both the red cells and the white lells. Further information 
about the technique employed in counting the red cells is given 
under Leucocyte Counts ” where it can be more conveniently 
considered. 

Magatli and Higgins (1934) state in their work on duck blood— 
(founts of erythrocytes were made after the blood had been diluted 
witli Hayenr’s solution to 200. A pliotograpbic method not yef 
reported was used; its accuracy is extremely high 

These workers used Wiseman’s solution as a diluting fluid in 
enumerating the leucocytes, but for the erythroeyfe counts Hayem’s 
solution was used because the red colour of Wiseinan’s solution 
interfered with the photographic process of counting.') This 
photographic method has been described by Berkson, Magatli and 
Hum (1935). 

Elsdon-l)ew (1937) describes an electrical apparatus for the 
performance of blood counts and mentions several advantages whicli 
this device has over the routine method. 

Detailed data pertaining to the erythrocyte counts of twenty-two 
ostriches are shown in Tables 3-10, and in Table 12 a statistical 
analysis of the ei’ythrocyte counts is given. 

As stated on page 429 counts vere made at intervals from each 
of the birds kept at Mariendahl, and the mean erythrocyte count 
of all the coui^ts made during the period of about two years from the 
five normal birds (1-5) was 1,894,000 + 14,939 (Standard deviation 
124,000;- Goeffieient of variability 6 5 per cent.). The range was 
1,653,000 to 2,266,006. The counts from bird No. 5 gave a compara¬ 
tively high coefficient of variability which, however, would have 
been appreciablv less but for the low result shown bv this bird on 
21/1/36. 

It is not apparent why this result deviated so much from the 
others. The bird appeared healthy. Its blood showed no evidence of 

(*) Personal communication from Dr. T. ^. Magatli. 
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haemoly&is and the accuracy of the result can be vouched for. It 
will be seen that the red cell counts were not significantly affected by 
the age or the sex of the birds. 

The results from bird No. G also show a low^ coefficient of 
variability and the average count of this bird does not differ much 
from the mean figure obtained for birds numbered 1 to 5. 

The results from the nuijority of the clini(‘ally healthy birds 
7-17 are low compared with those from birds 1-5, and the difference 
befweeii the averages of the two groups is statistically significant. 
As iireviously stated the faeces of some of these birds were examined 
and these contained many wairm eggs. The low* counts may, 
therefore, be possibly correlated with verminosis as in the case of 
the worm-infested birds, 18-22, wdiich show^ed marked oligocytliemia. 

The figures recorded by Malassez (1872), Hayem (1879, 1889) 
and by VenzlafP (1911) (Tal)le 1) dift'er appreciably from the average 
result shown by l>irds 1 to 5. liut the results given by Malassez and 
l)y Mavem (dosely approximate the mean count obtained for birds 
7'to 17. 

Kxanjination of Table 2 shows that the average counts reported 
for the fowl are considerably higher than tlnwe obtained for the 
ostrich. Available results for other birds also greatly exc^eed those 
for the ostrich. 

Ilia.ATIVK VoLUxME OF (JoiirrSCFES AND OF Pl^ASAfA. 

An electric centrifuge wais used foi* the purpose of precipitating 
the red cells, and the precipitation tubes (Zeiss) w^ere 12 cms. long 
and O-G (*m. in diameter. As the centrifuge tubes were much wider 
than the preci])itation tubes, the latter were fitted vertically into 
the centrifuge tubes in this w-ay: In tlie centrifuge tube two corks 
were fitted, one at the bottom and one at the mouth. A precipitation 
tube was fitted into tlie centre of each (‘ork through a hole just big 
enough for it. The tubes were all tested before use, and tw’o tubes 
were used for each sample so as to check the one with the other. 

Idle arm length of the centrifuge was 19 cm. when measured to 
tlie bottom of a centi'ifiige tube, and, at a top speed of 2,800 
revolutions per minute, a limiting value of the red cell volume of 
ostrich blood was obtained in from 45 minutes to one hour. 
However, the centrifuge wnis ahvays allowed to run for at least one 
and a half hours to make quite sure of the final reading at that speed. 
On many occasions the centrifuge was run at speeds low^er than 
2,800 r.p.ni. so that results r)btained at sIowtt ^speeds could be 
compared with those given at top speed. The tubt^s were spun for 
45 minutes and the results read. Centrifuging w^as repeated 
for another half hour and the readings again noted. This 
procedure was carried out until two successive readings had the 
same value. At 1700 r.p.m. the same readings were obtained as at 
top speed of 2,800 r.p.m, .and the results at the lowest speed of 600 
r.p.m. differed very little from those shown at the highest speed. 
But at the lowest speed a period of 5 to 6 hours w^as usually required 
before limiting values were obtained. Six typical results are 
recorded. Samples numbers 1, 2 and 3 were wdiole blood and 4, 5 
ami 6 heparinised blood, 
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Sam/ple Numbers and Percentage Volume Readings. 


Speed in r.p.m. 

1. 

2. 

3. 

4. 

5. 

6. 

600. 

54 

49-5 

48-8 

49 

54 

48 

1,700. 

53 • 6 

49 

48-5 

48-9 

53-5 

1 

47-5 

2,800. 

53 4 

49 

48-5 

48-9 

53-5 

47-5 


Neser (1923), using horse blood, found ihat the results obtained 
in If) minutes were the same whether the centrifuge ran at 250 or 
djOOO revolutions per minute, and he remarked: “ It is not contended 
that very high speeds may not result in a closer packing of the red 
corpuscles or that very low centrifuge speeds will give rise to the 
same degree of packing as very high speeds. But the results x>oint 
to this fact tiiat, witliin certain limits of speed, the volume of the red 
corpuscles is in no way influenced by the speed. The readings 
obtained by the centrifuge are reliable and in no way dependent 
upon tlie speed of the centrifuge for all moderate speeds.’’ 

Millar (1025a) by centrifuging human blood at 4,350 r.p.m. 
obtained a final reading of 39 0. At 5,700 r.p.m. the final result was 
37-1 and at 11,600 r.p.m. 35 0. Bonder (1934), using rabbit’s blood, 
obtained a final result of 31*5 at 1,700 r.p.m. and at 14,000 r.p.m. 
the reading was 29*5. He remarks; “ The attainment of ‘ constant 
volume ’ consequently cannot be used as a test for the correct 
perc'eiitage volume having l)een reached unless we know wliich speed 
of the haematocrite i)ioduces neither incomplete packing nor com- 
l)ression of the cells, i.e., unless we solve a second problem very 
similar to the one whose solution is being sought. The speed of 
4,000 r.j).m is supi)osed to l)e such a s|)eed, but why tliis ])articular 
rate is selected T have not been able to discover. There is certainly 
no evidence that it is as ideal as it is thought to ))e.” The observa¬ 
tions by Millar and Ponder stress tlie importance, when recording 
l)ercentage volume results, of stating boih the arm-length of the 
centrifuge and the speed at which it rotated. This is, unfortunately, 
not often done. Facilities did not exist for testing the effects on the 
corpuscles of ostrich blood of speeds higher than 2,tS0() r.p.m., but 
from repealed observations made it may be stated with confidence 
that with a centrifuge as sj)ecified the same final results may be 
expected within a speed range of 1,700 to 2,800 r.p.m. 

Special care was always taken to shake the blood in the bottle 
thoroughly before it was drawn off with the pipette for the purpose 
of determining the percentage volume and to fill the tubes exactly 
to the 100 mark. The blood was also run from the pipette into the 
percentage volume txibes with as little delay as i>ossible to prevent 
sedimentation in the lower part of the pipette. Nevertheless there 
were sometimes differences in the readings of samples from the same 
bottle, although the maximum difference never exceeded 1*5. 
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The recorded percentage volume readings include the white cell 
volume, for this never once exceeded luore than 2 per cent, of the 
blood volume of fresh blood and often constituted even less than 
0*5 per cent. Often also it was impossible to observe a well defined 
margin between the red cell column and the white cell layer. 

Neser (1923) made tests to-ascertain in how far the centriftige 
readings could be relied upon. For this purpose a large quantity of 
blood was drawn and citrated and this citrated blood was then 
centrifuged at definite intervals until there was evidence qf 
haemolysis. He found that with horse blood the results remained 
constant for 36 hours and that the percentage volume decreased as 
soon as any sign of haemolysis appeared. The writer made similar 
tests with ostrich blood using heparinised, citrated, and also whole 
blood. The blood was kept in well stopiiered bottles and successive 
fillings of the precipitation tubes were always from the same sample. 
Most of the samples were kept at room tei|iperature, which varied from 
15® C. to 25® C. according to the time of the year, as the tests were 
conducted at different times. The other samples, when not required, 
were kept in ccVld storage. The results are given in Table (13) and it 
will be observed that contrary to the findings of Neser (1923), who 
used horse blood, the percentage volume readings of heparinised, 
citrated, and also whole ostrich blood invariably increase with age 
and the older the sample the greater the increase. For example, this 
increase averaged 9*6 in the heparinsed samples five days old and 
kept at room temperature; and the average increase in the five day 
old heparinised samples kept in cold storage was 6*7. Haemolysis 
w*as usually well marked in samples a few^ days old. It would appear 
that the plasma of ostrich blood becomes so viscid after a time as to 
prevent such close packing of the cells as results when the plasma is 
fresh. This problem is being further investigated. Attem])ts were 
made to obtain more results with whole blood kej)! in cold storage but 
the blood usually coagulated within 24 hours. 

It was noticed that in old samples the increase in volume was 
particularly marked in the white cell volume. ,For example, in 
sample number 4, which is typical, the white cell layer constituted 
only 1 per cent, of the blood volume w^hen the blood was fresh, but 
it formed 6*9 per cent, of the blood volume when the cells were 
precipitated again five days later. 

Although the results show that significant increases in the 
readings may not be expecfed even wdien the blood is 11 hours old, 
yet in these studies the precipitation of the. blood from ostriches 1-6 
and 18-22 was alw^ays completed within 3J hours from the time that 
the blood w^as (X)llectecl.r The preci[)itation of the blood samples from 
birds 7-17 was completed within 6 hours after they w^ere collected, for 
they had first to be c*onveyed a distance of over 100 miles. 

As already stated under the heading Preventing Coagulation 
of the Blood”, 0*5 c.c. of a 20 per cent, lithium citrate solution to 
199*5 c.c. of blood was at first used as anticoagulant but this was 
later replac^ by'heparin—-1 mg. powdered heparin to 5 c.c. blood. 
As the lithiilm citrate rendered the plasma slightly hypertohic and as 
4he blood was also slightly diluted, observations were made to 

■ ' ^62 



the blood of the ostrich 


0. T. DE VILLIERS 



















O. T. DE VILLIERS. 


ascertain to what extent the percentage volume readings of citrated 
blood differed from those of whole blood. On thirty-five occasions 
whole blood was collected and centrifuged along with blood collected 
immediately afterwards in a bottle containing lithium citrate 
solution, tn no case did the reading of the whole blood vary from 
that of the citrated blood by more than 2 and as will be noted from 
Table 14 the average difference was only l*f36. A reading, very near 
to that of whole blood, was therefore obtained by adding 14 to the 
percentage volume reading of citrated blood and in this work all 
percentage volume readings of citrated blood were corrected 
accordingly. 

Table 14. 


Percentage Percentage 
Volume Volume 

(Whole (Citrated 

Blood). Blood). 


1 . 47 45 2 

2 . 48 46-5 1-5 

3 . 49*3 48 1-3 

4 . 50 49'2 0-8 

5 . 47-8 46 1*8 

6 . 49 48 1 

7 . 46-9 45 1*9 

8 . 51 49*5 1-5 

9 . 48 46 2 

10 . 45-2 44-3 0-9 

11 . 45-7 44-3 1-4 

12 . 50 48 2 

13 . 49 47*2 1-8 

14 . 46 46 0 

15 . 49-2 47*9 1-3 

16 . 49-3 47-6 1-7 

17 . 50-2 48-4 1-8 

18 . 50 48-5 1*5 

19 . 49*2 48 1-2 

20 . 51 49 2 

21 . 54 52*5 1-5 

22 . 53 52 1 

23 . 48 46-3 1*7 

24 . t 47*5 45-5 2 

25 . j 40-6 39-5 M 

26 . 50 48 2 

27 . 50 48-2 1-8 

28 . 53-8 52 1-8 

29 . 52-5 52 0 5 

30 . 34-3 * 33 1-3 

31 . 29-5 29-3 0-2 

32 . 38 36 2 

33 . 25-3 25 0-3 

35. 50-2 48 9 1-3 


Average Difference. 1'36 

Tables 3-10 show the centrifuge readings and in Table 15 a 
statistical analysis of these is given. 
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Table 15. 


MshI halpis of Pemiikiif Uhiiiie hiiinp. 


Bird Number,* 

Sex, 

Number 

of 

Readings. 

.Minimum 

Reading. 

Maximum ’ 
Readiifg. 

.dverage 

Reading. 

Standaid 
Error of 
tbeMean. 

Standard 

Deviation, 

Coeicient, 

of 

Variably, 

1. 

M . 

15 

4,r8 

.54'e 

ab'b 

b'l 

2'7 

5'4 

2. 

'Male.r. 

lb 

43'8 

ob'b 

46'3 

b'.54 

2'b 

4'3 

3. 

Male. 

12 

46’5 

52’b 

4b'l 

b'54 

l'9 

3'8 

4. 

Female. 

15 

454 

5l-b 

4b'l 

b'4 

l'6 

3'2 

5. 

Female. 

13 

4b'6 

54'b 

5b'4 

Ml 

4'b 


Uaiid3 . 

Males. 

42 

43'8 

54'b 

48'4 

b'9 

2'8 

5'8 

4 and 5. 

Females,. 

28 

4b'8 

5Fb 

49'1 

b'58 

3'b 

6'2 

lto5 . 

1 

.. . 

Males and Females. 

lb 

4b'6 

54'b 

48'9 

b'34 

2'9 

5'9 

1 

. 

Female. 

14 

43’b 

52'8 

49'b 

b'8b 

2'5 

5'l 

I toll. 

Males. 

.5 

384 

41'4 


l'5b 

3'3 

1'8 

l2tolI. 

Females. 

6 

414 

48'4 

43'b 

l'29 

.H 

I'2 

I to II. 

Males and Females. 

II 

384 

48'4 

42'e 

b'93 

O'l 

U 

I8to22. 

Males and Females. 

l 

i b 

I 

25'3 

i 4l'8 

! 

i 

33*0 2'5I 

b'l 

18'5 


* For particiilurs of Ws. see pages 428425, 
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Hie averag’e percentage volume reading for the normal birds 
(1-5) was 48-9±0*3 ranging from 40*6 to 54*0 (standard deviation 
2*9; coefficient of variability 5*9 per cent.). 

It will be seen that the coeffident of variability ranged from 
3*2 to 7*9 and that tEe exceptionally low percentage volume reading 
shown by bird No. 5 on 21/1/36 is correlated with the very low 
erytlnocyte count shown by this bird on that date. 

The results shown by Mo. 6 closely approximate those from the 
normal birds, but the readings obtained with the blood of most of 
the clinically healthy ostriches (7 to 17) are, as in the case of the 
worm-infested birds (18 to22), (‘omparatively low. 

Perusal of the literature did not reveal percentage volume 
results for birds. The writer, however, has made a number of 
percentage volume determinations also on fowl blood and these are 
appreciably lower than the results from ostrich blood. 


itKj.7\Ti()N hk'iam:kn Pkrckntagk Yotamk of Rf]) Ckij.s ANJ) 

Ttietr Number. 

lake Neser (1923), the writer determined the ratio of the volume 
of red cells to their numljer and in cal(‘ulating the ratio the count 
was considered to the nearest 10,000. 

The results are listed in Tables 3-10 and a statistical analysis is 
shown in Ihible Ki. With a tew ex(*eptions, the ratios shown by 
the noinial birds (1-5) closely approximate one another, averaging 
25• 75 + 0• 12 (standard deviation 1 *02; (oeffident of variability 3• 9 
per cent.). 

M'eser (1923), in discussing osmotic i)ressure of the blood, 
remarks: “ In view of the above statements it is thought unlikely 
that the osmotic pressure of horse blood can vaiy much between 
individuals oi- in the same individual from time to time. If this 
is accepted then it must ecjually be accejded that the volume of the 
red cells cannot be influenced to any marked extent owing to changes 
in the osmotic pressure of the blood. ' 

The ostrich does not usually drink iiuic h and as the skin of birds 
does noi contain sweat glands (Bradlev 1915 and Kaupp 1929) it 
may be presumed that in the ostrich there is even less change in 
osmotic ])ressure of the blood than there is in the blood of an animal 
like the horse which has a large fluid intake and perspires freely. 

As the centrifuge reading can be relied u]lon to reflect accurately 
the true volume under the current circumstances the extreme 
variations are, no doubt, largely due to errors in the count. 

Take, for example, the minimum ratio 23*23—obtained with 
the results shown by bird No. 2 on 26/9/36—and the maximum ratio 
28*91—obtained with the results shown by bird No. 5 on 24/11/536. 
The respective counts are 1,983,000 and 1,853,000. In discussing 
the erythrocyte counts, it is shown that they are subject to an error 
of 10 per cent, and if it is presumed that the above counts were 
respectively too high and too low by 10 i)er cent, then the corrected 
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figures would be about 1,785,000 and 2,038,000. The ratios now 
become 25*84 and 26*35, thus differing only vslightly from the 
average ratio of 25*75. It is, therefore, concduded that also in 
normal ostrich blood the red cells do not vary appreciably in volume, 
and that the number of red cells can be as accurately obtained by 
dividing the percentage volume reading by the figure 25*75 as by 
counting, provided the samples are centrifuged at the speed at which 
the centrifuge was run by the writer, and the centrifuge tubes have 
the same diameter. 

The ratios ol>tained with the results from birds 7-17 are too few 
to permit of any conclusions being drawn, but the indications are 
that the red cells of some of them were slightly larger than those 
of birds 1-5. 

The resulis from the worm-infested birds (18-22) show a 
comparatively high coefficient of variability. 


Minimum and Maximum IIksistanck of tiiio Kej) Cei.us. 

The poinis of minimum and maximum resistance of the red cells 
of ostrich blood were determined in the following' way : Half a c.c. 
of blood was added to each of a series of test tubes, each containing 
10 c.c. sodium chloride solution, but ea(*h solution being ()•()] per 
cent, stronger than the last. Fresh solutions were always made up 
and the salt was oven-dried before use. After the addition of the 
blood, the tubes were gently shaken and then allowed 1o stand for 
10 minutes. They were then centrifuged for 10 minutes at a speed 
ot' 2,800 revolutions per minute. Witliin the ])eri()d specified 
complete haemolysis and the settling of unhaemolysed erythrocytes 
and haemoglobin-free stromata took i)lace. It made little or no 
difference whether the tubes stood for 10 minutes or for 2 hours 
before being centrifuged and the readings were either the same or 
differed very slightly, whether the samples Mere centrifuged oi* 
alloM^ed to stand until spontaneous settling of the cells had occurred. 
It appears that haemolysis is conii)leted M'ithin a few minutes, but 
10 minutes Mere alloMed to make quite sure. These observations are 
in agreement M*ith those made on sheep, blood by Eossoum" (1930). 

Kolmer and Boerner (1931) state: ‘‘Normally human 
erythrocytes, carefully colle(*ted against injury, can remain for tMo 
hours at room temperature in solutions containing 0*42 to 0*44 per 
cent, sodium chloride before haemolysis begins, M*hilst under these 
conditions hemolysis is complete in 0*36 to 0 32 per cent, solutions 
From this statement by Kolmer and Boerner Me must conclude that 
the passage of wuiter into the cells occurs much sooner in the red 
cells of the ostrich and the sheep than in those of man. 

If, according to the method of Eossoinv (1930), 1 c.c. ostrich 
blood be added to 20 c.c. distilled water—and the solution is 
considered as representing 100 per cent, haemolysis—then a one per 
cent, haemolysis can usually just be observed M’ith the naked eye, 
for the solution is only very slightly tinged. When the first evidence 
of haemolysis muus observed, lysis of at least one per cent, of the red 
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cells had therefore already occurred, for the samples were not 
examined spectroscopically, and the points of minimal resistance 
recorded indicate liaemolysis of at least one per cent, of the cells. 
Tinging due to the plasma itself can be ignored, for, even when 1 c.c. 
of plasma is added to 10 c.c. of saline, no colouring of the solution can 
l>e detected. Whole blood w'as used and it was always added to the 
solutions within half an hour of bleeding. When haemolysis tests 
were conducted the temperature ranged from 15^ C. to 20^ C. 

Workers in determining the fragility of the red cells used 
different concentrations of blood in saline. Isaacs (1929), for 
instance, added 1 drop (a variable quantity) of blood to 2 c.c. saline 
whereas Bossoinv (198()) added 1 c.c. blood to 20 c.c. saline 
(approximately 1 drop to 1 c.c. saline) and Pepper and Farley (1933) 
added 1 drop blood to 4 c.c. saline. It is unfortunate that there 
should be no standard method of performing the test, as ac(*urate 
comparison of results is often impossible. For example, from the 
graph given by Rossouw’ (1930) it ’will be observed that when 1 c.c. 
sheep blood was added to 20 c.c. of a 0*72 per cent, sodium chloride 
solution 3 per cent, haemolysis resulted, and in a 0*67 per cent, 
sodium chloride solution approximately 12 per cent, haemolysis 
occurred. Tlie same author states that a 2 per cent, haemolysis gives 
almost a clear soloution, and a 3 per cent, haemolysis wns found 
to be the low^est practical margin to work w^ith. As the first 
evidence of haemolysis w^as observed in the 0*72 per cent, sodium 
chloride solution, 0*72 might have been considered the point of 
minimum resistance. 

If 0 25 c.(‘. blood had l)een added to 20 c.c. of a 0*67 per cent, 
sodium chloride solution, as had been done by Pepper and Farley 
(1933), also 12 per cent, of the cells in the 0*25 c.c. blood would have 
haemolysed, but the solution w*ould have shown a tint similar to that 
of a 3 ])er cent, haemolysis in the aforementioned concentration, viz., 
a colour which can just be observed, and in the latter concentration 
of blood and saline the point of minimum resistance would have been 
determined as 0*67. 

Wiseman and Bierbaum (1932) have devised a fragility test in 
which^||he patient’s cells are tested in his own plasma. Centrifuga¬ 
tion offifhe blood is required, but it is not necessary to make up fresh 
saline each time the test is carried out, or to set up a control test 


be noted that the 
point of minimum resistance of the red cells of the ostrich varies 
from 0*44 to 0-62 wuth an average of 0*47, and that the point of 
maximum resistance ranged from 0*25 to 0*3, with an average 
of 0^6. 


w;^th a knowui normal blood. 

From the results given in Table 17 it will 


Wirth (1931), citing Friedl (1931), gives the points of minimum 
and maximum resistance of fowl blood as 0*69 and 0*37 respectively, 
but according to Kleineberger and (1927) the poi^t of minimum 
resistance of fowl blood varies from 0*4 to ,0*47. 
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Table 17, 

Resistance of Erythrocytes to Haemolysis. Nos. 1 to 5 —Ostriches 
clinically healthy and found, free from disease on Post-mortern 
E.rarnination. No. (>—Ostrich with ciuh-foot. See pages 428- 
429. 


Bird Number.* 

Sex. 

Date. 

Age. 

Mini- j 
mum 
Resist¬ 
ance. 

Maxi¬ 

mum 

Resist¬ 

ance. 




Months. 

Days. , 



1. 

Male. 

1/10/35 

11 

i 

0-47 

0-3 



8/10/35 

11 

8 

0*45 

(>■29 



30/11/35 

13 


0*44 

— 


Male. 

26/ 9/35 

10 

26 

0*5 




4/10/35 

11 

4 

0-48 

0-27 



5/10/35 

1 

5 

0-44 

0-26 



19/10/35 

11 

19 

0-5 

0-27 



26/10/35 

11 

26 

0'5 

— 



11/11/35 

12 

11 

0-5 

— 



30/11/35 

13 


0-48 


3 . 

Male. 

26/ 9/35 

10 

26 

0*45 

0-27 



20/11/35 

12 

20 

0-47 

0-27 



7/12/35 

13 

7 

0-46 



Female.... 

24/ 9/35 

10 

24 

0-5 

0-3 


1 

1/10/35 

11 

1 

0-47 

0*3 



5/10/35 

11 

5 

0-49 

0-28 



11/11/35 

12 

11 

0-5 

— 


1 

29/11/35 

12 

29 

0-47 



Female.... 

25/ 9/35 

10 

25 

0-49 

0-3 



28/ 9/35 

10 

28 

0-52 

0-25 



20/11/35 

12 

20 

0-44 

0-27 

Average 1. 2 and 3. 

Males. 




0-47 

0-27 

Average 4 and 5. 

Females. .. 

— 

— 

— 

0-48 

0-28 

Average 1 to 5. 

Males and 

— 

_ 

_ 

0-47 

0-28 


Females 






6. 

Female.... 

28 / 9/35 

10 

28 

0-45 

0-27 



20 / 11/35 

12 

20 

0-44 

0-27 



29 / 11/36 

12 

29 

0-45 

— 
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Osmotic Pubssitke on the Red Ceils. 

The efteets of osmotic pressure on the red cells were determined 
by the method used by Neser (1923), and all the observations were 
made on whole blood. Repeated observations were made on the blood 
of six ostri(*hes, and it was found that the cells in the 0*9 per cent, 
sodium chloride solution always gave either the same reading as 
those ill the plasma, or the reading* nearest to those in the plasma ; 
0*9 per cent, sodium chloride solution can, therefore, for practical 
purposes be accepted as isotonic tor ostrich blood. 

As already stated the writer’s original intention had been to 
use isotonic lithium citrate solution as anticoagulant, and it was 
similarly determined that a 2*8 per cent, solution of this salt is also 
isotonic for ostrich blcwid. 


Two sets of readings, which also reflect the osmotic effects of 
certain other solutions on the red cells, are given below: — 


( 1 ) 


1 

c 

.c. 

(7on(>enlrated 

blood 




plus 



1 

c 

.(*. 

.c. 

Plasma 



1 

c 

0*7 per ( 

•cut. 

sodium (‘hloride solution 

1 

c 

.c. 

o-s 


»» •» •)) 

1 

c 

.c. 

0-9 



1 

c 

.c. 

1 



1 

c, 

.c. 

11 


- vr.j ■■ ’ 

1 

c 

.c. 

1-2 



1 

c 

.c. 

Rilifter’s f 

solution . 


Cen f rifuge readmes. 

3(> 

39*5 

38 

3(i 

30 

34*5 

34 

38*5 


( 2 ) 

1 c.c. Concentrated blood 
l)lus 

1 c.c. Plasma . . 

1 c.c. 0*8 per cent, sodium chloride solution 

1 (. 0 . 0*9 • „ 

1 1 

1 c.c. Ringer’s solution . 

1 c.c. Locke’s solution . 


Centrifu(/c read Inc/s . 
33*7 
35 
34 
33 
33 

33*5 


In order to ascertain if the cells were similarly, packed in 0*9 per 
cent, saline as in plasma, samples of whole blood were centrifuged 
for one and a half hours at 2,800 r.p.m. The plasma was then 
pipetted off till near the level of the red cell column and an amount 
of 0*9 per cent, saline, equal to the amount of plasma drawn off, was 
added. The tubes were shaken until the saline and the cells were well 
mixed and then the tubes were recenfrifuged. at the same speed for 
the same length of time. 
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Th(:^ set of readings given below, which are typical of many other 
readings, show that the results obtained with whole blood were 
either the same or differed only slightly from those given by the 
saline mixtures, and that, in determining the isotonicity of the cells, 
the i)er(*eiitage volume readings obtained with the cells in the saline 
are therefore stricdly comparable with those given by the cells in the 
plasma. 

Blood. 

Whole blood. 

Cells plus 0*9 per cent, saline 

Whole blood . . 

Cells plus 0’9 per cent, saline 

Whole blood . 

(-ells plus 0-9 per cent, saline 

Whole blood. 

Cells plus 0-9 per cent, saline 


Centrifuge Umdings . 

51 

52 
48 
48 

36 

37 
50 

49-5 


Haemoglobin Content. 

The haemoglobin content was determined by means of a New¬ 
comer Haemoglobinometer (Bausch and Lomb). The improved model 
is fitted with a complementary blue filter with the use of which a 
satisfactory colour match is obtained. 

Schultze and Elvehjem (1934) state: “ The Newcomer method 
was never as satisfactory for chi(‘ken blood as for mammalian blood 
because the turbidity of the acid solution makes it difficult to compare 
the unknown solution with the standard.’’ 

These authors describe a meihod in which the haemoglobin 
content is also determined colorimetrically and a Newcomer disc is 
used, but the lattei requires restandardisation. 

The haemoglobin content of the blood of the iiormal ostriches 
(1-5) varied from 14-6 to 17*2 grams per 100 c.c. blood with an 
average of 16 grams per 100 c.c. blood (Table 18). 

Bird No. 22 was re( eived from Bredasdorp District. It showed 
a heavy worm infestation and it will be noted that Ihe haemoglobin 
determinations on its blood are appreciably lower tlian those on the 
blood of the normal birds. 

Cook and Dearstyne (1934) appear to be the only investigators 
who have previously used the recent modificaTion of the Newcomer 
Haemoglobinometer. They made haemoglobin determinations on the 
blood of 78 normal fowls and found the figure to vary from 7 to 17 
grams with an average of 10*8 grams per 100 c.c. blood. 

liEITCOCYTE (JoiT N'J' S. 

The enumeration of the white cells in ostrich blood is attended 
with the same difficulties which are encountered in obtaining an 
accurate count of these cells in the blcxid of fowls and other birds. 
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The red cells are nucleated, and when the method ordinarily applied 
to mammalian blood, of usin^ a diluting fluid containing acetic acid 
to dissolve the red cells, is used, then, upon the loss of the haemo¬ 
globin, the stromata of these cells contract about the nuclei, making 
it impossible to discriminate between these and the leucocytes. 


Table 18. 

line m ofj Jo I) in Content . 

Nos. 1 to 5.—Ostriches clinically healthy and found free from disease 
on post-mortem examination. 

No. 6.—Ostrich with club-foot. (See pages 428-429.) 

No. 11.—Unthrifty ostrich chick which on post-mortem examination 
showed marked verminosis. 







Gm. per 

Bird Number. 

Sex. 

Date. 

Age. 

100 c.e. 






Blood. 




Months. 

Days. 


1. 

Male. 

4/ 2/37 

27 

4 

10 



20/ 2/37 

27 

20 

17-2 



19/ 5/37 

30 

19 

172 

2. 

Male. 

4/ 2/37 

27 

4 

15-0 



20/ 2/37 

27 

20 

15-3 



19/ 5/37 

30 

19 

15-5 

3. 

Mate. 

4/ 2/37 

27 

4 

150 



20/ 2/37 

27 

20 

14-6 



19/ 5/37 

30 

19 

15-2 

4. 

Female. 

4/ 2/37 

27 

4 

160 



20/ 2/37 

27 

20 

16-8 



23/ 3/37 

28 

23 

170 



17/ 5/37 

30 

17 

160 

f) .. 

Female. 

4/ 2/37 

27 

4 

17 0 



T/ 1 

20/ 2/37 

27 

20 

16-2 



15/ 5/37 

30 

15 

170 

Average 1^ 2 and 3. 

Males. 




15-6 

Average 4 and f) . 

Females. 




16'5 

Average 1 to 5. 

Males and Females.. 

i 

— 

— 

— 

160 

6.. 

Female. 

4/ 2/37 

1 27 

4 

14-5 



20/ 2/37 

' 27 

20 

14-4 



17/ 5/37 

30 

17 

14-5 

Average.. 

— 

— 

“7 

— 

14*4 

11. 

Male. 

5/ 2/37 

*4 

_ 

110 



8/ 2/37 

4 

3 

11-5 



11/ 2/37 

4 

6 

no 



19/ 2/37 

4 

14 

11-8 



23/ 2/37 

4 

18 

11-8 


474 




























O. T. 1)E VJI.LTKES. 


On the other hand, if a fluid like Toisson’s solution is used, which 
preserves the red cells, the white cells and the thrombocytes, then 
again it is impossible to distinguish with certainty between the 
thrombocytes and the small lymphocytes under the powers of magnifi¬ 
cation tl)at can be used in conjunction witli the counting ciiamber. 

Hayden (1927) used Toisson’s solution, but mentions that the 
method was not satisfactory. Furth {19'11), however, remarks that 
in his experience lymphocytes and thrombocytes can be easily 
differentiated in Toisson’s solution. The solution has the following 
composition ; Distilled water IGO c.c,, glycerine (neutral), dO (‘.c. 
sodium sul])hate <S gms., sodium chloride 1 gm., methyl \iolet 5B. 
0*25 gm. 

According to Foi kner (1929), the thrombocytes of fowl blood may 
also he confused with red cells in which there is little haemoglobin, 
but such a difticulty is less likely to occuir in ostrich blood, since the 
disparity in size beiween the two ty})es is much greater than in the 
case of the fowl. Vaiious methods have from time to time been 
advocated to overcome these difficulties, and these are consiilered 
below. 

According to Shaw (19M0),(') Warthin (1907) and Sclimeisser 
(1915) resorted to an indirect method. The erythrocytes weie counted 
in the ordinary w'a>, and then in films the ratio between them and 
the leucocytes was determined. Kleinebeiger and Carl (1912) counted 
the erythrocytes, lem^ocytcs and thrombocytes in the counting 
chamber, and then (‘alculated their respective values from the ratios 
of these cells found in stained smears. 

The indirect imdhods are obviously subject to great erroi’ for 
they ]uesup])ose an ahsolutely even distribution of the eellular 
ehmients; this rarely obtains, as Forkner (1929) ami others have 
pointed out. 

lUain (1928) was the first to introduce a direct method for the 
l)urpose of staining the leucocytes diflereutially so that they could be 
counted iu the (‘ounting chamber. He utilised the vital staining 
properties ol neutral red and pre])aied two solutions:—Solution 1 
contained neutral led (1 ! bdlOO), made u]) in Locke’s solution and 
solution 2 contained 12 i)er (ont. formalin, also made up in Locke’s 
solution. Both solutions were adjusted to a })H of 7'4, and kept at a 
temperature of 89^ (J. while in use. The blood was first mixed wdth 
the neutral red solution, and the othei- solution was llien added—the 
white (*ells take up the neutral red, whereas the red cells do not. 

According to Shaw (19f‘fl)), Blain’s method wdien applied to 
human blood gives results 20 to JtO pei* cent, below those obtained 
by tlie acetic metliod. Oblson (1985) also found lower leucocyte 
counts wdtli this method than wuth the others which he tried, and it 
seems that it is chiefly tlie lymj)hoeytes which are overlooked by this 


(0 The writer consulted the publications cited by Sbaw. Wartbin does 
not definitely state that be used an indirect uietbod, for he merely remarks: 
“ Toissons solution was found to be the most satisfactory for the blood 
counting.” Schraeisser states that he counted the leucocytes by the indirect 
method, but he gives no particulars about the mctljod nor any reference. 
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method. It Avoiild also appear that Blain included the thrombocytes 
either in the red cell or the white cell count, since he does not mention 
these and, in a further communication (1928) already referred to, he 
states that he identified no structures in avian blood corresponding to 
the blood platelets of mammals. 

Coates (1928) recommends the solutions which Wright and 
Kinnicufc (1911) used for cotinting platelets in human blood. Two 
solutions are ejiiployed : Solution 1 contains 1 gm. brilliant cresyl 
blue in 300 c.c. distilled water, and solution 2 contains 1 gm. 
potassium cyanide in 1,400 c.c. distilled water. Equal parts of the 
two solutions are mixed and filtered immediately before use and the 
resuliing solution constitutes the diluting fluid. With subdued 
illumination, the leucocytes are said to refract the light in such a 
manner as to render direct counting possible. 

Ohlson (1935) found the method unsatisfactory, as the distinction 
was not well marked between the thrombocytes and the small 
lymphocytes. 

Kyes (1.929) recommended a 2 per cent, solution of osmic acid to 
eliminate th.e possibility of red cell haemolysis and consequent 
liberation of nuclei. 

Olilson (1935) states that there is a danger, in this method, of 
injury to the cornea of the observer, and that no particular advantages 
were apparent in the trials made. 

Forkner (1929) used a diluting fluid, containing 25 mg. neutral 
red in 100 c.c. of 0-9 i)er cent, sodium chloride solution, and states 
that the polymorjdionuclear granulocytic cells and the monocytes can 
easily be differentiated from the other cells; the red cells with little 
or no haemoglobin, the thrombocytes and the lymphocytes remaining 
almost entirely unstained. The proportion of granulocytes and 
monocytes is then determined from a blood smear, and the total 
leucocyte count is calculated. 

Wiseman (1930) states that with Forkner’s method the ditference 
ii: staining iH|tensify of the monocytes frequently occasions 
inaccuracies . thfough the missing of individual cells, and that 
diluting flui^iB, which do not contain a fixative, often fail to preserve 
the erythrocytes intact. Cook and Dearstyne (1934) used this 
metho#, but made no comment on its efficacy. 

Ko^ma (1929) also (‘ounted all three types of cells in the 
counting chamber, using the following solution: Sodium citrate 0-2 
gm., ammonium oxalate 0*1 gin., distilled water 100. To this 
solution is added 8 c.c. of a one per cent, solution of eosin and 4 
c.c. of a one per cent, trypanblue solution, and staining of the blood 
is allowed for 30 minutes before counting is commenced. 

In Shaw’s (1930) method, 2 solutions are used. Number 1 
contains 2f5 mg. neutral red (Grubler), 0-9 gm. sodium chloride and 
100 c.c. distilled water. Number 2 solution contains 12 mg. crystal 
violet, 3 -8 gm. sodium citrate, 0*4 xlc. formaldehyde and 100 c.c. 
distilled water. Both solutions are filtered and heated to 107^ F., 
the pipette is half filled with No. 1 solution and then filled with 
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solution No. 2. Shaw’s observations were made on Homer pigeons, 
and all the cellular elements were differentiated by their staining 
reactions in the diluting fluid. 

Palmer and Biely (1935) consider Shaw’s method satisfactory 
for the enumeration of the leucocytes in fowl blood, but Ohlson 
(1935) is of opinion that it is no easier to distinguish the thrombo¬ 
cytes by this method than in Blain’s or Toisson’s solution. However, 
he does not state to what extent he considers the discrimination of 
the thrombocytes possible by Blain’s method or in Toisson’s solution, 
but Shaw himself thinks that the thrombocytes cannot be 
distinguished \^’ith certainty from lymphocytes in Toisson’s solution 
and according to Forkner (1929) the thrombocytes may be confused 
with the lymphoctytes in Blain’s method. 

Wiseman (1930) recoinniends the use of a solution having the 
following formula : 95 c.c. Ringer’s solution, 5 c.c. formalin and 
50 mg. phloxine. This solution stains the granulocytes a bright red 
in (‘ontrast with the other cells which stain much less brilliantly. 

The total leucocyte (;ount is then obtained by calculation of the 
percentage of these r^ells in the differential count. Wiseman states 
that maximum staining is obtained wuthiii one hour, but suggests 
that where time is not a factor of importance less phloxine should 
be used as more dilute solutions (3 mg. dye in 100 c.c. solution) stain 
the granulocytes almost specifically and the contrast is then at its 
best, but then a time interval of at least 3 hours is required. 

Magath and Higgins (1934) (tonsider that in none of the direcl 
methods are the leucocytes stained in such a manner as to be always 
distinguishable from the erythrocytes. 

Eminel (1935) counted the white cells in a 0-85 per cent, sodium 
chloride solution tinted with gentian violet, but he says: “ 1’here 
is often difticulfy in differentiating the lymphoid precursors of 
erythrocytes, young erythrocytes and occasionally basophilic 
er\throblasts when counting erythrocytes and leucocytes in the same 
chamber.” 


From this review of the methods advocated for avian leucocyte 
counting, it will be evident that, as there is no unanimity of opinion 
about them, the writer had to select one most suitable according to 
his own ol>servations. After trying them all, he reached the 
following 1 ‘onclusion: By none of the direct methods could the 
agranulocytes in ostrich blood lie satisfactorily distinguished in 
the counting chamber from basophil erythroblasts, free red cell 
nuclei or from the thrombocytes. 

The methods of Blain and Shaw^ are also impracticable when 
counts have to be made from adult ostriches w^hich cannot be brought 
into or very near a laboratory, for the diluting fluids have to be at 
body temperature when mixed with the blood and when counts are 
being made. When the blood has to be collected eight miles away 
from the laboratory, as had to be done in this case—for there were no 
facilities for keeping the ostriches nearer—it is very diflicult to 
conform to such conditions. 
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The writer’s observations on the counting of the leucocytes of 
ostrich blood in Forkner’s solution coincide with Wiseman’s on fowl 
blood. 

Wiseman’s solution is preferred for leucocyte counting in ostrich 
blood for the following reasons: The granules in the granulocytes 
stain in such a distinctive manner, that these cells can be readily 
identified. This counting fluid is particularly suitable for counting 
white cells in ostrich blood, since ostrich blood contains a high 
percentage of granulocytes. The cells are stained satisfactorily 
within a short time and they are preserved for a h)ng time. Counts 
made weeks later agreed, wdthin limits of counting eirors, wdtli those 
made shortly after mixing. The counts can, therefore, be made at 
leisure at any convenient time. Since the staining (pialities of the 
solution do not deteriorate, it can be prepared in large quantity if 
the bottle is kept well conked—to ])reverit evax)oration of tlie 
formalin—and shaken every time before use. 

Ohlsoii (19d5), who made a (‘omparative study (on fowl blood) of 
various methods in order to gauge their a('curacy for both erythrocyte 
and leucocyte counts, found that lllain’s method gave the most 
consistent reKults for leucocytes, Wiseman's method l)eing ])laced 
third. He favouis Wiseman’s solution when dealing with 
pathological blood, stating that all the direct methods failed w ith the 
blood of an erythroleucotic chicken—the immatuTe erythrocytes 
being (Kuifused wdth leucocytes—w’hereas in Wiseman’s solution all 
the haemoglol)in—bearing cells are stained in a characteristic 
manner; also that Wiseman’s technique gave the lowest coethcient of 
variation in the erythrocyte counts and that it showed a temlency to 
give higher red cell counts. He also remarks: “ An explam^tion 
for the tendency of the Wiseman method to give higher erythrocyte 
and leucocyte values is lacking. The erythrocytes are fixed and more 
distinctly stained than wnth the other methods.” (The writer used 
Wiseman’s solution as diluent for erythroleucotic fowl lilood hut also 
in this solution haemocytoblasts and basophil erythrolilasts could 
not be differentiated from noii-granular leucocytes.) 

Wiseman’s solution was used in making both the eiythrocyte 
and the leucocyte counts, but the solution was slightly modified by 
substituting 0*9 per cent, sodium tdiloride solution containing 20 
gm. scgliiim bicarljonate per 100 c.c. for Ringer’s solution. The 
modified Wiseman diluting fluid, therefore, has the following 
formula: Phloxine 50 mg., sodium bicarbonate 20 mg., sodium 
chloride 0*9 mg,, formalin 5 c.c., distilled w^ater 95 c.c. 

This solution proved as satisfactory as that containing Ringer’s 
solution and its preparation entailed less wau-k. (Locke’s solution is 
isotonic for ostrich blood and in Wiseman’s solution it is also a 
suitable substitute for Ringer’s solution). Staining was allowed 
for at least one hour before the cells w’ere counted. It is possible to 
recognize unstained granulocytes, but counting is greatly facilitated 
when the cells are well stained. 

Turbidity may appear in an old sample of diluent, but this can 
be easily removed by adding a small quantity p? sodium bicarbonate. 
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A difficulty with all the methods is that solutions sufficiently 
concentrated to preclude a large counting error cannot be used. 
With all the methods the erythrocytes are preserved and when the 
red cell count is somewhat high it is necessary to use dilutions of 1 
in 200. 

However, in normal ostrich blood—though the red cells are 
comparatively large—counts can be made wih ease in dilutions of 1 
in 100. Uilutions of 1 in 50 are also suitable but it was customary 
also to count the red cells in the same chamber and in this concentra¬ 
tion accurate counting is difficult and, if prolonged, a severe strain 
on the observer’s eyes as the cells are then close together. But as 
the numerical error resultant on multiplication is halved by using 
the 1 in 50 dilution it may be used with advantage when the 
intention is to count the granulocytes only for the erythrocytes are 
not so close together as to o])scure the granulocytes. 

It was customary always to have ready for use a number of 
bottles each having a capacity of a little over 100 c.c. and containing 
99 c.c. of the diluent, for the dilutions were effected by using 1 c.c. 
blood to 99 diluent. Only pipettes and burettes were used for which 
certificates of accuracy had been issued by the United States Bureau 
of Standards. 

Another drawback, wJiirdi the writer has not seen mentioned by 
|)ievious workers, is tlie marked tendency which the leucocytes—both 
in ostrich blood and also in fowl blood—show to clump after the blood 
has been drawn. The intention at first was to collect the ostrich 
blood in an anticoagulant and to make the subsequent dilutions when 
convenient, as Neser (1925) did. But it was found that, unless the 
blood is mixed with the diluting fluid immediately after it has been 
drawn, clvini])ing of tlie white cells and particularly of the 
heterophiles is so marked as to vitiate the count; as many as 20 or 
more leucocytes may be together, usually intermixed with throm¬ 
bocytes. When the mixing takes place immediately after the blood 
has been drawn, clumping is usually absent or only slight. 

The best results were obtained when a red cell pipette was used, 
foi‘ then the interval l)etween the dTawing of the blood and the mixing 
was reduced to a minimum, but using a pipette on the intractable 
ostric'h is usually so difficult that it may be considered impracticable. 

It was ascertained that clumping will take place also in fowl 
blood if there is some delay in filling the pipette, or if the blood is 
first received into an anti-coagnbint. Many diluting fluids besides 
Wiseman’s and Wiseman’s (modified) were tl’ied, namely, Hayern’s, 
Toisson’s, Tyrode’s, Locke’s, Ringer’s, 0-9 per cent, sodium chloride 
and also the bird’s own plasma, but clumping was no less marked in 
any of them. 

The bottle containing the blood and the diluting fluid was 
usually shaken for about three minutes before the fluid was 
introduced into the chamber, but even shaking for longer periods had 
no effect in reducing the clumping; on the contrary it often increased 
it. The fluid was also shaken with beads, but this also proved 
ineffective. Blood, allowed to stand for half an hour, was added to a 
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1 per cent, solution of acetic acid, but clumping was marked. 
Human, equine and bovine blood, similarly treated, did not show 
agglutination, so that this quality seems to be characteristic only of 
avian blood. 

All the anticoagulants mentioned under Preventing Coagula¬ 
tion of the P>lood were tried but without success in overcoming this 
disadvantage. The mixing had, therefore, to be always made at the 
place of bleeding. Wh^n only the red cells have to be counted the 
l)lood may be diluted hours later if kept cool in the interim. 

Forkner (1929) mentions the rapidity with which coagulation 
takes place in the blood of the fowl as one of the difficulties in 
securing an accurate count of the white cells. The writer experienced 
no difficulty in filling the pipettes when making counts of fowl blood, 
as the blood never coagulated before it could be properly diluted, but 
it was observed that, when the dilution of fowl blood did not take 
place immediately, clumping was at times also marked. It may have 
been this that was responsible for. the difficulty which Forkner 
experienced, rather than that fowl blood coagulates too soon. 

At first a Burker cminting chamber was used, but later it was 
replaced by q Levy-Hausser counting chamber, guaranteed to be 
within the tolerance for accuracy established by the United States 
Bureau of Standards. This (*ounter, which is recommended by 
Kolmer and Boerner (1931), has features which make counting much 
easier and which are not found with some other counters. 

The total number of granulocytes in at least four of the entire 
ruled areas, vi;?., in 3-6 c.mm. of the mixture, was always counted 
and so were all the red cells in at least 0*12 c.mm. Eirors due to 
smallness of samples were thus reduced to a mini mum. The counting 
of the red cells was spread over four of the entire ruled areas, the 
two rectangular areas, each measuring 3 mm. x 0*05 mm. and crossing 
each other in the centre of the ruled area, being used, i.e., the cells 
in 0-03 c.mm. of the mixture were counted in each chamber. In 
this way a better average count check was ensured. 

The dilference between 2 sets of red cell counts thus made seldom 
varied by more than 5 per cent, but differences up to 10 per cent, 
were noted in spite of the utmost care in making the preparations as 
recommended by Neser (1923) and others to ensure accurate counting. 
Marked differences were sometimes obtained when smaller samples 
were counted or when the count was spread over two ruled areas only. 

All the diluting fluids mentioned on page 479 were tried to see 
whether more regalar distribution of the red cells could be obtained 
but^one of them proved to be better than the diluent used. 

I) ■. > * f 

■^Neser’s method of using an ordinary pipette drawn froin glass 
tubing for filling the counting chamber was adopted for ostrich blood. 
The point should be cut iii such a way that the fluid flow’s readily in 
between the two surfaces but without flooding the chamber when the 
forefinger is slightly withdrawn from the upper end of the pipette. 

It was found most convenient to use a 6 x ocular and an 8 mm. 
lens and a strong white light for illumftmtion. - 
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The leucocyte cells counts are given in Tables 3-10 and a 
statistical analysis of the data is shown in Table 19. The results 
show that the mean leucocyte count of all the results from the normal 
birds (1-5) was 21,050 ±419 with a range of 12,326 to 32,273 
(standard deviation 3,482; coefficient of variability 16*5 per cent.). 

It will be seen that the (inefficient of variability is much higher 
than that for the erythrocytes. Palmer and Biely (1935), who made 
leucocyte counts of 100 normal S.C, white Leghorn hens, reported a 
(coefficient of variability of 20*77, while, according to these writers, 
the leucocyte counts made by Cook and Dearstyne (1934) on 75 normal 
Rhode Island Red and Barred Plymouth Rock fowls show* a coefficient 
of variability of 55 09. 

The average leuco(3yte (iount for bird No. 6 is comparatively high 
and ao is the coefficient of variability of the results from this bird. 
It would, therefore, appear that the leucocyte count was alfected by 
the defect from which the bird suffered. 

The clinically healthy birds (7-l7) showed a mean leucocyte 
count wdiich is significantly low^er than that of the normal birds and 
the coefficielit of variability of their counts is comparatively high. 
The results ftrom the worm-infested birds (18-22) fluctuate (onsider- 
ably betw'een the figures 8,697 and 30,033. 

As in the case of the erythrocyte counts, the leucocyt(‘ counts 
cannot be (orrelated with the age or the sex of the birds. 

Hayem (1879) recorded for the ostrich a leu(ocyte count of 
9,000 per c.mm.. (Table 1). 


Differential Counts. 

In the differential counts at least 400 cells were always counted 
in each case and the counts w^ere recorded on sheets as w*ere used by 
Neser (1923). 

Table 20 show^s sixteen differential counts. These were obtained 
from the same smear prepared from ostricli blood by counting 100 
leucocytes each time. A statistical analysis of these counts which 
can be regarded as typical gives the following results for example in 
respect of the lympiiocytes and the heteroplnles : By counting 100, 
200, 300 and* 400 leucocytes the chances are 20 :1 that the errors 
associated with the lymphocyte counts are respectively 8 0, 5*1, 4*6 
and 4*0; the errors associated with the heterophile counts are respec¬ 
tively 11*2, ^8*0, 6*4 and 5*6. It is evident that by counting 400 
leiu^ipcytes, fairly accurate results may be expected. 

The differential counts were always made vertically across the 
smear, and an Ehrlich eye-piece w^as used for limiting the field, 
thus rendering critical observation of the cells at the e(iges of the 
field possible. 

The difterential counts are tabulated in Tables 3-10 and 
statistical analyses ate showm in Tables 21-25. Examination of the 
results show^s that the lymphocyte counls of the normal birds (1-5) 
varied from 19*2 to 37*0 per cent., averaging 26*8±0*5 per cent. 
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(standard deviation 4-1; coefficient of variability 15*3 per cent.). 
The averui»‘e lymphocyte count of birds 1-5 is significantly hig*her 
than that of birds 7-17. 

Table 20. 


rential Counts from some Smear prepared from Ostrich Blood. 


Lymphocvte.s. 

Monorytes. 

Hcterophiles. 

Eosinoj>hiles. 

Bfi80{)hilos. 

/o 

31 i 

I “/ 

/o 

.5 

! /o 

46 

% 

7 

0/ 

/o 

11 

38 

7 

41 

4 

10 

32 

.5 

47 

3 

13 

26 

1 

52 

7 

14 

28 

3 

52 

6 

11 

26 

5 

I 56 

6 

7 

28 

1 

59 

5 

7 

27 

5 

55 

5 

8 

20 

4 

61 

4 

11 

30 

4 

49 

8 

9 

26 i 

3 

56 

6 

9 

22 

5 

59 

-1* 1 

3 

30 

6 

45 

8 

11 

20 I 

5 

48 

1 

17 

32 i 

o 

1 46 

5 

15 

25 

5 

53 

! 7 

10 

Av. 28*1 

4-1 

51-5 

5-7 

10-3 


^rhe monocyte counts of all the results from birds 1-5 varied 
from 0-5 to 8*5 j)er ceni., averaging* 3•() + ()-3 per cent, (standard 
deA’iation 1-2; coefficient of varialdlity 4()-() per (‘ent.). Though 
Ihe counts show high variability the averages do not differ mucdi. 

The heteroi)hiie coiuits shown by liirds 1-5 varied from 40*5 
to 78*5 j)er cejil., avcragiirg 59*1 ±0 0 per (‘ent. (standard deviation 
1 11 coeffii'ient of variability 13*0 per cent.). This average differs 
appreciably from lliat obtained Avith the results fiom bird No. O 
and from the average shown by birds 7 to 17. 

The eosinuphile c(uin1s of Irirds 1-5 varied from 0 to 19*5 per 
(*t n t., averaging 0 * 3 ± 0 • 5 jrer cent. (standard deviat ion 4*0; 
coefficient of Aairiabililv t)3-5 jier cent.). These cells shoAv the 
highest variability. 

The averages for birds 5 and 6 are exceptionally low while the 
average figure for birds 7-17 is exce])tionally high compared with the 
mean count shown by birds 1-5. As stated on page 429 it is most 
likely that all the birds Nos. 7-17 were worm-infested and the high 
eosinophile counts of these birds may possibly be correlated with 
verminosis; however, some of the worm-infested birds (18-22) showed 
comparatively Ioav eosinophile counts. 

The basophile counts of birds 1-5 varied from l-*().to 10*5 per 
cent., averaging 4*7±0*3 per cent, (standard deviation 2*5; 
coefficient of variability 53*2 per cent.). This average does not differ 
appreciably from that shown by birds 7-17. The few differential 
counts on the Avorm-infested birds (18-22) were most erratic. 
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O. T. DE VILLIERS. 


Thrombocyte Counts, 

The thrombocytes were counted by the method employed by 
Mag\‘itb and Hig’gins (19d4). The ratio between these and the 
leucocytes was computed from the number of thrombocytes 
enumerated each time 200 leucocytes were counted in the smear. 

As the thrombocytes are very unevenly distributed the ratio 
obtained is only approximate, even when 200 leucocytes have been 
counted. The method is far ifrom satisfactory but there is no better 
method of obtaining total thrombocyte counts of ostrich blood. 

The counts are listed in Tables d-IO and statistical determinations 
are given in Table 26. The results from the normal birds (1-5) ranged 
from 2,47<S to 20,086, averaging 10,521 ± 427 (standard deviation 
8,545; coefficient of variability 88*6 per cent.). The numbers of 
thrombocy tes and leucocytes stand in a ratio of about 1 to 2. 

Kleineberger and Carl (19121 record a thrombocyte count of 
22,000 to 180,000 per c.mm. for the fowl while according to Fritseh 
(1920), cited by Wirth (1931), fowl blood contains very few throm¬ 
bocytes, and lllain (1928), as already stated, apparently did not see 
any. Magath and Higgins (1934) reported for the duck an average 
thrombocyte count of 80,706 + 703 with a coefficient of variability of 
82 per cent. Hayem (1879 and 1889) recorded counts of 11,500 and 
11,600 for the ostrich, ft will be seen that these figures come very 
near to the averages obtained by the writer. 


Viscosity. 

Hess’s viscosimeter was UvSed. Naegeli (1921) and others give a 
detailed description of the apparatus. The readings listed in Table 
(27) are those of citrated blood but tests carried out with whole, 
citrated, and heparinised blood showed no significant differences. The 
necessary cx)rrections were made when tests were conducted outside the 
temperature range of 17^ C.-23^ C. in which the apparatus gives 
correct readings. 

The viscosity of the blood of the normal ostriches (1-5) varied 
from 4 0 to 5*0, with an average of 4 5, the corresponding figures 
for the plasma being 1-5 to 1*8 and 1*6. 

The results from the worm-infested birds (18-22) are compara¬ 
tively low. These birds showed also low erythrocyte counts (Table 10) 
and on post-mortem examination were found to be severely infested 
with worm parasites. i 

Wirth (1931), quoting Kruger (1925), states that the viscosity 
of fowl serum is 1*4 and that of duck serum 1*24, but figures for 
avian blood or plasma are not given. 


Specific Gravity. 

The specific gravity was determined at a temperature of 15^ C. 
with the use of a pycnometer. The blood and plasma were brought 
to the desired temperature in a thermostat on occasions when the 
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atmospheric tejnperature in the room M-as not exactly 15^ C. It will 
be noted from the determinations given in Table 28 that the specific 
gravity of the blood of the ostrich varies from 1 060 to 1*0()5, the 
average being 1 *068. The corresponding figures for the plasma are 
1*021 to 1 024 and 1 022. 

According to Kruger, cited by Wirth (1981), the specific gravity 
of the blood of the fowl is 1*0545 and that of its serum 1*0282. The 
corresponding figures as given by him for the blood and the serum 
of the goose are 1()549 and 1 0202—for the duck 1*0568 and 1*0202 
and for the guinea-fowl 1*0577 and 1*0214. 

Wirth (1981) gives a number of specific gravity determinations— 
by various workers—of the blood and the serum of a number of 
animals. The aAerage figure obtained for the blood of the ostiich 
exceeds the average figures listed by Wirth, the nearest to the average 
being that given by Augsburger (1919), viz., 1 062 for the horse. 
()ther workers, however, give lower values for the horse. 


Table 27. 

VI,^(‘osity DeteJ'miihatioris. — Nos, 1-5— Ostriches clivically h ealth y 
and fouiul free from disease on Post-morfeirh Examination, No. 
6 —Ostrich ivith clnh-foot. (See pages 428-429.) Nos. 18-22— 
I nthrifty (tstrich Chicks irhich on Posf-inortem Examination 
showed marked Vermi?iosis. 







Vi«eo- 

Vis'^'o- 

Bird Nimiher. 

Sex. 

Date. 

Age. 

sity 

sity 






Blood. 

Plasma. 




MontljH. 

Day«. 



J. 

Male . 

30/11/35 

13 

— 

4-6 

— 



12/12/35 

13 

12 

4-8 

— 



24/ 3/36 

16 

24 

4-7 

1-7 



9/ 5/37 

18 

9 

4-8 

1-7 

0 

Male. 

7, 12/3r> 

13 

7 

41 

1-7 



12/12/35 

13 

12 

4-4 

1-6 



9/ 5/36 

18 

9 

4-6 

D7 



26/ 8/36 

21 

26 

4-3 

— ■ 

3. 

Male 

7/12/35 

13 

7 

4 • 5 




9/12/35 

13 

9 

4-2 

1'6 



12/12/35 

13 

12 

4-3 

1-6 



7/ 9/36 

%22 

7 

4-9 

1-7 

4. 

Female.... 

29/11/35 

12 

29 

41 

_ 



12/12/35 

13 

12 

4-3 

1-6 



24/ 3/36 

16 

24 

1 4-6 

1-5 



9/ 5/36 

18 

9 

4-6 

1-6 


Female.... 

15/11 35 

12 

15 

4-0 

1-7 



20/11/35 

12 

20 

4*7 

1-8 



12/12/35 

13 

12 

4-7 

1-8 



7/ 9/36 

22 

7 

50 

— 
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THE BLOOD OF THE OSTRICH. 


Table 27 — (continued). 






Visco- 

Visco- 

Bird Number. 

Sex. 

Bate. 

Age. 

sity 

sity 





Blood. 

Plasma. 


Average 1, 2 and 3. 

Average 4 and 5. 

Average 1 to 5. 

Males. 

Females... 

. 

Months. 

Bays. 

4-5 

4-5 

4-5 

1-6 

1-6 

1-6 

6.. 

Females... 

20/11/35 

12 

20 

5-5 




29/11/35 

12 

29 

4-1 ! 

1-7 

i 


7/ 9/36 

22 

7 

5-4 

1-8 



1/12/36 

25 

1 

4-8 

1-7 

18...j 


15/ 3/36 ^ 

4 

_ 

3-2 

— 

19. 

— 

19/ 3/36 

4 

— 

2-3 


20.. 

_ 1 

20/ 3/36 

4 

— 

2-3 


21... 


22/ 3/36 

4 

— 

2-0 

— 

r)‘> 

— 

8/ 2/37 

4 

— 

3-5 

— 


Table 28. 

Specific (irdcity Defo/ninations. — Ostriches clinically heaJtfry and 
fan ml free from Disease on Post-Mortem Eauiminatio'n. 


Bird Number and Sex. 

Date. 

Age. 

Tempera¬ 
ture at 
which 
S])ecific 
Gravity 
Deter¬ 
mined. 

Specific 

Gravity 

Blood. 

Specific 

Gravity 

Plasma. 

1 Male. 

24/ 3/36 
5/ 6/36 

Months. 

16 

19 

Bays. 

24 

5 

1.5“ C. 

1-064 

1-065 

1-023 

2 Male. 

9/ 5/36 

18 

9 

15^ C. 

1-060 

1-022 

3 Male. 

9/ 5/36 

18 

9 

15° C. 

1-064 

1-023 

4 Female.. 

24/ 8/36 

16 

24 

15° C. 

1-064 



31/ 1/36 

19 

3 

- 

1-066 

1-021 

5 Female.. 

9/ 5/36 

18 

9 

15° C. 

1 -.062 

1-022 


27/ 5/36 , 

19 

__ 

16° C. 

1-062 

1-024 








Average Males.. 

— 

— 

— 

— 

1-063 

1-022 

Average Females... 

— 

— 

— ' 


1-063 

1-022 

Average 1 to 5 Males 

— 

— 

1 — 

— 

1-063 

1-022 

and Females 





- 

r. 
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Inorganic Phosphorus, Calcium, Sodium, Potassium an]) 
Magnesium Content. 

Theiler, Green, du Toit, and others in the series of articles 
Studies in Mineral Metabolism ’’ 1927, et. seq., have shown that 
in many parts of South Africa cattle and sheep suifer from marked 
aphosphorosis resultant on phosphorus deficiency in the pastures and 
that phosphorus feedin<^ is an essential factor in successful cattle 
and sheep farming*. It seems, therefore, that phosphorus feeding to 
ostriches grazing over areas where other animals show aphosphorosis 
might ]irofitahly be investigated. Malan (19e30) has shown that phos¬ 
phorus deficieiu*y, even in the earliest stages may be diagnosed by 
determining the inorganic* phosphorus content of the blood. 

As the ostriches Nos. 1 to 5 could be regarded as entirely free 
from disease and as they always received a liberal supply of bones 
and other necessary foodstuffs, there wtis a good opportunity for 
obtaining data which might c*ontribute toward establishing what 
levels of phosphorus and of the other mineral elements mentioned 
above may be considered normal in the blood of the ostii(‘h. Blood 
analyses were, therefore, made from these birds and—for the purpose 
of comparison—from bird No. (>, and also from birds (Nos. 7-17) 
grazing on natural pasture in the Bredasdorp district. 

The calcium content was determined particularly with the ohjecd 
of ascertaining whether the jrrolonged coagulation time could be 
associated with a low calc*ium content of the blood, but, as has been 
shown under “ Coagulation of the Blood this would not appear to 
be so. 

The analyses were carried out under the supervision of Dr. A. I. 
Malan, Heacl of the Department of Bio-chemistry, Onderstepoort 
Laboratories, Pretoria, by his staff. The metliods aclvoc*atecl by 
Malan and van cler Lingeu (1931) were employed. The writer 
collected the blood, precipitated the proteins and forwarded the 
trichloracetic* ac*id filtrate to Onderstepoort. 

The results are tabubated in Table 29 and the following are the 
average values per 100 c*.c*. blood of all the results obtained from 
the normal birds (1-5). Inorganic phosi)hc)rus 9*1 ±0*3 mgm., 
calcium 10 • I ± 0 • 4 mgm., magnesium 7 * 0 ± 0 • 4 mgm., soclium 
273'7±13 () mgm. and potassium 19()*()±G'0 mgm. 

The inorganic* phosphorus content of the blood of all five birds 
was comparatively low on 29/7/35, and it is not apparent why they 
showed relatively low values on that date. At no time was any 
alteration made in their food and it does not seem as if the values 
can be associated with their age, for bird No. 0 at the age of six 
months and sixteen days—before it had sustained the injury—showed 
a higher value than it did at the age of nine months and two days. 
The results are, however, suggestive of a seasonal variation. 

It wall be noted that the average values of all the al)ove-named 
elements obtained from bird No. 6 and those of inorganic phosphorus 
and calcium shown by the results from the clinically healthy birds 
(7-17) do not differ appreciably from the mean values of all the 
results from birds 1-5. 
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Table 29. 


.imhjlical Emits. ^ 

b 

Ifos. 1 to S.-Ostriclies clinicallj healthy and found free from disease on post-mortem examination. Kept on farm § 
Mariendahl, Stellenbosch District. (See pages 428-429.) 3 

No. 6.-0strich with club-foot. Kept on farm Mariendahl, Stellenbosch District. (See pages 428429.) J 

! Nos. I to 18.-Clinically healthy semi-mild ostriches on which pt-niortem examinations were not conducted. § 
From farm Negwag, Bredasdorp District. (See page 429.) ■ 3 



Bird No. 

Sex. 

Date. 

Age, 

%iii per 100 c.c. Blood. 

Inorg. P. 

Ca. 

Jig. 


' K. 





Months. 

Days. 







1 

Male. 

29/ 7/35 

9 

2 

5-8 

lO'O 

- 

- 





12/12/35 

13 

17 

10-2 

8-2 

7-8 

. 250*0 

211*5 




Ylj 4/36 

17 

24 

' 8-9 

8-5 

- 

- 

- 




20/ 2/37 

28 

4 

10-2 

8-1 


- 



0 

w 

Male. 

29/ 7/35 

9 

i 

6*7 

-IFO 



_ 




12/12/3.1 

13 

17 

10-2 

16-3 

8*4 

270*0 

177*5 




17/ 4/36 

17 

24 

9-2 

9-4 

- 

- 

— 




20/ 2/37 

28 

4 

10-1 

•• 

8-9 

- 

- 

- 

1 

3 

Mile. 

29/ 7,15 

9 

2 

7-6 

10-] 

_ 

_ 


1 



12/12/35 

13 

17 

11'4 

13-3 

?•! 

256*2 

202*0 




17/4/36 

17 

24 

9*3 

10*0 

- 


— 




26/ 2/37 

28 

4 

10-4 

8'3 

- 

- 

“ 

1 

4 

Female. 

29/ 7/35 

9 

2 

fri 

lO'l 


_ 

_ 




12/12/35 

13 

17 

10-2 

1F6 

7-7 

270*0 

189*0 




17/ 4/36 

17 

24 

9-2 

10‘3 

- 

- 

- 

’ 



20/ P 

28 

4 

10‘3 

8-6 


~ 

- 


') 

Female. 

29' 7/35 

9 

2 

6'9 

lO'O 

_ 

_ 

_ 




12/12/35 

13 

17 

10-2 

14'0 

74 

322*5 

203*0 




17/ 4/36 

17 

24 

9-0 

14'2 

- 

— 





20/ 2/37 

28 

4 

10-1 

8-3 

- 

- 

- 

Averages. 

1U 

Ms . 


9 

.) 

6-7; 

lO'O 

_ 

_ 

_ 





13 

17 

10-6 

10’6 ' 

7’7 

258*7 

197*0 


„ 1 

.. 

' 

17 


9'1 

9-3 


» . 


. 

- 

28 


10’2 

8-4 1 

I 

- 

- 

Averages. 

4,1) 

Feiiia[es. 

— 

9 

2 

6-8 

lO-o 


_ 

_ 





13 

i 17 

10‘2 

i 12'8 

7-5 

296*2 

196*0 





17 

1 ” 

1 24 

9'1 

12'2 



» . 

" i 

i 

1 

i 

28 

i 4 

! 1 
i 

10*2 

8*4 

- 

- 

































BWNo. 

Sex. 

Date, 

Age, 

Mgin.per 100 c.c. Blood. 

Iiiorg. P. 

Ca, 

% 

Na, 

K. 





Months, 

Davs. 






Averafej. 

1 to .i 

Sfak and Females.. 

- 

!) 

') 

6i 

19'3 

- 

_ 


») . 

„ 

\ *1 

- 

13 

11 

18'4 

114 

1'6 

2134 

1964 

. 


.. 

- 

17 

24 

9'1 

184 

- 



« . 

■' 

M •• 

- 

28 

4 

18'2 

84 

- 

~ 

- 

-- 

Aveiagei,allEe8iilt«. 

1 to ;i 

- 


— 

_ 

9'1 

184 

V6 

2134 

198'6 

Standard Emr. 

- 

- 

- 



8'3 

84 

84 

13'8 

641 

Standard Dmation. 

„ 

- 

- 

- 


I'A 

D6 

8’9 

28'6 

13'3 

CoeiciencT of Variability 

- 

“ 

- 

- 


16'4 

I54 

IDS 

184 

64 


8 

female. 

15/5/35 

6 

16 

8'2 

18'5 

8'2 

238'8 

181'5 




29/ 7/35 

9 

2 

6’9 

184 

- 


— 




12/12/35 

13 

11 

11'6 

134 


218'8 

212'8 




11/4/36 

11 

24 

9’9 

18'2 


„ 

- 




28/2/31 

28 

4 

18'4 

84 

- 

“ 

- 

Averages. 

- 

1 _ 

_ 

- 

— 

9'4 

124 

M) 


M'l 

Standard Error. 

- 

1 

- 

- 

- 

i 8'6 

84 

- 

_ 

- 

Standard Deviation. 

« — 

- 

- 

- 

_ 

1-5 

14 

- 

- 


Coelliciency of Variability 


- 

- 

- 

- 

15-9 

134 

- 


“ 


1 

Male. 

1/,5/36 

(Hw3 

Years, 

18-5 

184 

— 

_ 

_ 


8 

.. 

D5/36 


„ 

1'3 

8’6 

_ 

— 



9 

...... 

l/,5/36 

„ 

1 „ 

9'1 

9'8 


- 



18 

. 1 t 1 1 1 * » * . * * 1 1 

1/5/36 

„ 

't 

8'6 

84 

- 

_ 



11 

Female. 

1/5/36 

V' 


8'1 

9'3 

- 

- 



12 

((((11»»»»11 

l/,5/36 

)' 


1'9 

84 

_ 

_ 

- 

■ 

13 

» . 

1/5/36 

" 


18'8 

9'3 

“ 

- 

- 

. 

Ayeragea. 

1 to 13 

— 

__ 

_ 

— 

8'9 

9'2 

— 

_ 

_ 

Standard Error. 

_ 


• 

- 

- 

8'4 

84 

— 

_ 

- 

Standard Deviation. 

— 

- 

- 


- 

1'2 

8'6 

- 

— 

- 

Coeicient of VariabJity 


1 

— 

— 


13’4 

6'8 

— 

— 

— 





























THE BLOOD OF THE OSTEICH. 


Malan (1930) recorded fpr the ostrich a value of 5 5 mgm. 
iiiorg^anic phosphorus per 100 c.c. blood (Table 1) and, according to 
this writer, fowl blood contains 2 mgm. and pigeon blood 16 mgm. 
inorganic phosphorus per 100 c.c. blood. Under the heading 
Preventing Coagulation of the Blood the calcium value obtained 
for the ostrich has already been referred to. 

Magnesium, sodium and potassium values from other birds were 
not available, but it is interesting to note that the potassium content 
of ostrich blood is high when compared with that of the blood of 
some mammals. Groenewald (1935) recorded an average figure of 
58*7 mgm. potassium per 100 c.c. bovine blood, and the following— 
given by Dukes (1934)—are potassium values per 1000 parts by weight 
of blood: Cow^ 0*407, Sheep 0*405, Goat 0*390. 


Total Blood Volume. 

For determining the approximate amount of blood in the ostrich 
five adult birds were used. Narcosis was induced by the administra¬ 
tion of chloroform of which 60-80 c.c. were poured on cotton wool 
placed in a jar. After the right jugular vein had been severed, 
bleeding continued for about 45 minutes before death resulted. 

The blood remaining in the heart and large vessels—about 
500 c.c.—^vas also collected. 

The average total blood volume was 5,466 c.c. and its weight 
constituted 5*8 per cent, of the average body weight: (Table 30). 

Barlow and Biskund (1928), cited by Dukes (1937), found the 
weight of the blood volume of pigeons to be 6*5 per cent of the body 
weight. 


Table 30. 

Total Blood Volume. 





"■ ■ ■ ■ ..— j 

Calculated 

. 





Blood 

Weight of 



Live 

Weight of 

Volume 

Blood 

Bird No. 

. Age. 

Weight 

Blood 

in Cubic 

expressed as 

and Sex. 


in 

in 

Centimetres 

Percentage 



Kilograms. 

Grams. 

(Specific 

of Body 





Gravity, 

Weight. 




1-063). 


3 M.. 

33 Months...,,.. 

I 

111-659 

5,901 

5..551 

5-2 

4 M.. 
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GENERAL DISCUSSION. 

The erythrocyte count of the ostrich appears to he the lowest of 
the counts recorded for birds and mammals, but the ostrich 
erythrocyte is exceptionally large and, according to available results, 
it is exceeded in size only by that of the emu {Casuarius emu). 
Ponder (1919) remarks*. “In general the larger the bird* the larger 
the cell.’^ In the moist state the cells are larger than in the dried 
state. 

Although linise blood contains four times as many erythrocytes 
per c.mm. as ostrich blood, the relative volume of plasma and 
coipiiscles of horse blood is considerably less than that of ostrich 
blood, and the haemoglobin content of ostrich blood is more than that 
of horse blood. The ostrich erythrocyte, therefore, is about four times 
the size of that of the horse and contains about four times as much 
haemoglobin. It weighs about four times as much as that of the 
horse, for the specific gravity of ostrich blood is about the same as 
that of ho rse blood. The jioints of minimum and maximum resistance 
of the ostrich er^ihrocyte are about the same as those of the 
erythrocyte of the fowl. The erythrocyte count of the fowl is much 
liigher than that ot the ostrich, lint the haemoglobin content of fowl 
blood is much lowei. 

It IS of particular interest that regeneration of erythrocytes is 
most clearly marked in ostrich blood. The ]>ercentage which in 
Romanowsky stained preparations show polychroinasia is considerably 
higher than that observed in the blood of other animals. In vitally 
stained smears many reticulocytes are seen, and it is significant that 
in normal ostrich blood even basophil erythroblasts may constitute a 
fairly high percentage of the erythrocyte count. 

Contrary to what would be expected, the blood of the gioup of 
uniliritty ostrich chicks, which showed marked oligocythemia as the 
lesuli of severe worm-infestation, contained very few immature 
erythiocytes. Apparently the marrow exhausted by the long 
continued attempt to keep the blood up to normal eventually failed, 
ddie erythrocyte counts of the blood of the normal ostriches are fairly 
uniform. The coefficient ot variability and the standard error of the 
mean can be regarded as low, but the range of 1,653,000 to 2,266,000 
erythrocytes per c.mm. for normal birds is rather wide. (’ounts 
reported for the fowl show greater variation. 

The leucocyte and the thrombocyte counts show considerable 
variation and the coefficient of variability of the thrombocyte counts 
is exceptionally high. Wide divergence is found also in the" leucocyte 
and the thrombocyte counts, reported for the fowl; this may probablv 
be largely attributed to difierences in technique. It is difficnilt \o 
compare results, as there is no uniform method of luaking total 
leucocyte counts of avian blood. A large number of average leucocyte 
counts repoited foi the fowl closely agree with the average count 
obtamed for the ostrich, but the average thrombocyte count ""obtained 
for the ostrich is much lower than most counts reported for the fowl 
and other birds. 
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It is noteworthy that most of the erythrocyte and the leucocyte 
counts from the group of clinically healthy, semi-wild ostriches 
reared in the Bredasdorp District were appreciably lower than those 
from the five normal birds reared at Mariendahl, Stellenbosch 
Distric^t; also that the lymphocyte counts from the ‘‘ Bredasdorp 
birds were much lower than those from the Mariendahl birds, 
and the heterophile counts from the former much higher than those 
from the latter. As previously stated, all the Bredasdorp birds 
were probably worm-infested, but their blood gave no indication of 
unusual erythropoiesis, and it, therefore, appears that environmental 
and genetic factors might also have been partly responsible for the 
differences. 

The percentage of lymphocytes in ostrich blood is much lower 
than that recorded for the fowl by most investigators, but the 
heterophiles constitute a much higher percentage of the leucocyte 
count than they do in fowl blood. On the whole, the percentages 
recorded for the other types of leucocytes in fowl blood do not difier 
greatly from those obtained for the ostrwdi, in which the heterophile 
counts showed the least variation and the eosinopbile counts the 
greatest. The basophile of the ostrich is distinct from that of the 
fowl. 

The inorganic phosphorus and calcium values for the group of 
birds grazing on natural pasture in the Bredasdorp District compare 
very favourably with the results from the normal birds which received 
a liberal supply of bones and other foodstuffs. As previously stated, 
the inorganic phosphorus values shown by the normal birds are 
suggestive of a seasonal variation. 

The prolonged coagulation time of ostrich blood, which 
apparently cannot be associated with a low calcium content, the 
higher percentage volume readings obtained with old samples of 
ostrich blood and the marked tendency of the leucocytes to clump 
immediately after the blood is drawn are interesting features which 
offer fertile ground for further investigation. 

The writer hopes that this work, which may be defined as a 
preliminary study of the blood of the ostrich, will provide a basis 
for future research. 


SUMMARY. 


1. Methods are described for collecting blood and preparing 
smears from the ostrich. 


2. Ostrich blood usually has a very prolonged coagulation time 
and bften it fails to coagulate if drawn directly from* a blood vessel 
without coming in contact with the tissues. Heparin (1 ingm. to 
5 c.c. blood) invariably prevented coagulation and it had no 
deleterious effect on the blood. 

Various methods recommended for counting leucocytes in 
avian blood were tried on ostrich blooth- Wiseman’s inethod was 
found to be the best. . 
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4. Morphological and biochemical studies of the blood of 
twenty-two ostriches were made, and the following are the average 
values and ranges obtained for the blood of normal ostriches: — 

Erythrocyte count per c.mm. = 1,894,000± 14,939. Ranges 
1,053,000 to 2,266,000. 

Relative volume of corpuscles and of plasma = 48*9 ±0 *34. 
Range s 40*6 to 54*0. 

Minimum resistance point of red cells in sodium chloride 
solution — 0• 47. Range ==0*44 to 0-52. 

Maximum resistance point of red cells in sodium chloride 
solution—0*27. Range = 0*3 to 0*25. 

Sodium chloride solution which is isotoni(‘ for the erythrocytes 
= 0*9 per cent. 

Haemoglobin content per 100 c.c. blood = 16*0 gms. Range = 
14-6 to 17-2 gms. 

Leucocvte count per c.mm. == 21,050±419. Range 12,326 t() 
32>73, 

1 lymphocyte count = 26 • 8 ± 0 * 5 per ( ent. Range = 19 * 2 to 

37*0 per cent. 

Monocyte count= 3*0±0‘3 per cent. Range - 0*5 to 8 5 per 
cent. 

Ileterophile count = 59*1 ±0*9 per cent. Range = 40*5 to 78*5 
per cent. 

Kosinophile count = 6'3±0*5 per cent. Range = 0 to 19*5 
per cent. 

Rasopliile count= 4*7±0*3 per cent. Range = l*0 to 10-5 
per cent. 

Thrombo(*vte count per c.mm. = 10,521 ±427. Range =2,478 
to 20’,086. 

Viscosity: Blood = 4*5. Range = 4*0 to 5 0. Plasma 1*6. 
Range = 1*5 to 1*8. 

Specific gravity : Blood = 1 * 063. Range = 1 * 060 to 1 * 065 
Plasma 1*022 Range = 1*021 to 1*024 

Inorganic phosphorus content per 100 c.c. blood = 9 • 1 ± 0 *-> 
mgm. Range=5 8 to 11 4 mgm. 

Calcium content per 100 c.c. = 10* 1 ±0*4 mgm. Range 8*1 
to 14*2 mgm. 

Magnesium content per 100 c.c. = 7*6±0*4 mgm. Range = 7* 1 
to 8*4 mgm. * 

Sodium content per 100 c.c. = 273*7± 13*0 mgm. Range = 
250*0 to 322*5 mgm. 

Potavssium content per 100 c.c. = 196*6±6*0 mgm. Range = 
177*5 to 211*5 mgm. 

5. The average total blood volume was 5,466 c.c. and its 
weight expressed as a percentage of the average body weight was 
5*8. The total blood volume ranged from 5,220 to 6,355 c.c. and 
its weight constituted 5*2 to 6*3 per cent, of the body weight. 

499 



THE BLOOD OE THE OSTRICH. 


G. Cell types corresponding* to those seen in fowl blood occur 
in ostrich blood. These have been described. 
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